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TO: TON ELLY DATE: JULY 22, 1993 

xc: AIR TOXIC FILE 
FkOM:TIMOTHYD. CASSELL 

SUBJECT: DAILY LOGS OF AIR TOXIC TSSTING 

Please note that between 0800 and 1000 the inlet 02 reading war L 
lower ttmn normal on the July 21, 1993 daily log. The Eoriba 

inctrumeats were working correctly, however the output was 00 m 
incorrect scale thus lowering the presumed value. titer correcting 
the switch position, the readings were corrected. 

If you have rrry qwebms, plea8e call me at 6524881. 
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During the week of July 18-24, while Battelle and Chcstcr staff conducted six days 

of solid, liquid, and flue gas sampling at the SNOX process, Research Triangle Institute 

(RTI) conducted technical and performance audits of the field effort. Those audits took place 

on July 20 and 21, 1993. 

The RTl activities included technical audits, performance audits, and CEM 

calibrations. Those separate activities are discussed in Sections B-2 through B-4, 

mspectively. The RTI Field Sampling Audit Report for Niie.s Station is included at the end 

of this Appendix. 

The following arc responses to specific comments made by RTI; these are organ&d 

under the same headiigs and in the same order as tbe original comments in the enclosed RTI 

report. 

(1) 

(2) 

There is no intent of assigning all of the probe rinse particulate to any one particle 

sire fraction. This material is considered as a sepamte component, for example in 

discussion of particle sixe distributions in Section 7.3. Given the constraints of flue 

gas sampling at the baghousc inlet, there was no alternative to use of the extractive 

sampling mode. 

The glass cyclones were designed to provide the desired particle sire cuts, and to be 

accommodated within a Method 5 heated box along with the particulate filter. 

Insufficient time was available before the field study to conduct verification tests, but 

El 



(3) It is not entirely clear from the RTI comment which probe had the worn insulation at c 

Location 19. In any case, as the RTI auditors noted, the impact on the data is 

probably insignificant. Comparison of measurements at Locations 18 and 19 (e.g., 

probe rinses) woukl not provide any useful information on probe differences, 

beau.% of the great difference in flue gas composition at these sites upstream and 

downstream of the baghouse. . 

The Fy-rite solutions used by Chester for Or measurements were replaced regularly, 

following this comment from the R’D auditors. 

No response needed. 

Blank samples were taken of all reagents made up with the deionised water, for 

blank subnaction. 

(4) 

(5) 

(6) 

0 

(8) 

(9) 

(10) 

the flow rates used in the field were approprkte for achieving the desired 10 pm and 

5 pm. size cuts. 

The impact on data should be minimal, since gas flow/reagent volume ratios wm 

similar with the two sizes of glassware. 

The potmtial for some effect from St& in the flue gas is real, however, it is not 

clear how ‘bleaching’ of DNPH solution by SOr could bc greater in the second 

impinger than in the tint. The procedure used was discussed with knowledgeable 

staff at U.S. EPA prior to the study, and the aldehyde results appear reasonable (see 

Section 5.7). 

The impact on ash composition data is almost cettainly negligible, given the ample 

quantities of ash collected, and tbe small amount of damage to the sampling device. 

The scloction of which baghouse hoppers to sample was not based on an assumption 

by Ratklle, but upon consultation with ARB staff concerning the quantities of 

mat&al collected in each hopper. Cornpositing of the baghouse samples also 

reduces the impact of any inhomogmeities. Note that only composite samples were 

anatyzed, so differences in the ash composition from different hoppers cannot be 

discernal from the analytical data. 
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(1) 
(2) 

(3) 

No comment needed. 

No comment needed. 

This comment refers to an issue that field staff were not qualified to address. 

Careful review of analytical data has been conducted in compiling data for this 

report, and in pmparing study data for the PISCES data base format. 

(1) 

(2) 

(3) 

(4) 

(51 

(6) 

This recommendation appears to wnnadict the wmments made by RTl under 

Findings, Item 5. No critical weighings were conducted in the field, so NIST- 

traceable weigh checks are unnecessary. 

Reagent blanks were analysed for all sampling methods, and the data shown in this 

report have been properly wrrectul. 

The scope of this study does not include such an investigation. As noted above, 

guidance from U.S. EPA indicates the method should not be invalidated by elcvatul 

SQ levels. 

The use of such a model would be very prone to error, given the frequently 

changing wnfiguration of the probe and flexible line wmbiiation. No useful 

information would be obtained from such an effort. 

Validation testing such as that suggested is beyond the scope of the present study, 

though it may be of value in future work. Given that the cyclones were used at only 

one location having a very high particulate loading, such an effort would have 

minimal effect on the msultr of this study. 

During sampling subsequent to the audit, the Fyrite sample solutions were changed 

regularly to avoid use of aged solutions. 
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As indicated in the enclosed RTI Field Sampling Audit Report, RTl performed 

Performance Evaluation Audits (PEA) by spiking sampling materials with target analytes. 

Tables El, B-2, R-3, and B-4 show the results of analyses of the spiked samples for metats, 

PAH, VOST, and aldehydu, mspectively For each spiked sample, the mass of anaiyte 

found by Rattelle, the mass of analyte @red into the sample as mported by RTI, and the 

percent recovery of the spiked analyte am shown. The signiticancc of these results is 

discussed according to analyte class in the following paragraphs. 
i 

As shown in Table El, six of the recoveries for the PEA samples are outside of the 

range of 70 to 130 percent. Rattelle’s accuracy requirement for metals was 80 to 

120 percent recovery for certified standard materials. Since the PEA samples arc not 

certified standards, and since analyte losses may have occurred during spiking, a wider range 

for these analyses is considered acceptable. 

For the filter samples, mercury and selenium showed lower recoveries than the other 

three analytes (excluding cadmhrm in N-18-MUM-721). This result is attributed to the 

potential losses of these compounds during the spiking process or during sample handling, 

prepamtion, and analysis. 

The 55 percent recovery for cadmium in N-18-MUM-721 fiter is wnsidered an 

outlier since cadmium recoveries for all other samples ate acceptable. 

The 44 percent recovery for selenium in N-l&A4U?vl-721 is attributed to the low 

spike level and the anticipated lower analytical accuracy near the detection limit of a method. 

The detection limit for selenium in prepared I&Or impinger solution was 0.01 mgk; the 

detected level in N-18-MUM-721 was 0.07 mg/L. This low selenium recovery is not 

expected to occur in actual samples bccaur selenium levels in most samples were found at 

much higher wncentrations. 

. 
: : 
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As shown in Table B-2, recoveries for almost all of the PAH in the PEA samples 

were between 50 to 150 percent. This accuracy limit was established on this project for 

recovery of deutcmted PAH spiked into samples prior to extraction ‘and is reasonable to use 

as a limit for the PEA samples. 

The low recovery of the volatile PAH naphthalene results principally because this 

compound was spiked onto blank tilters rather than onto particulate matter on f&ers. 

Volatile PAW are more stable on particulate matter than on blank f&em. Much of the spiked 

naphthalene was likely lost from the blank tilters during sample handling and transporting. 

Acenaphthylene and acenaphthene arc similarly volatile and also showed slightly lower 

recoveries on the filter PEA samples in wmparison to the other PAH. An alternative 

approach to spiking would be to spike wllected tiltcr samples with deutetated PAX The 

low recovery for naphthalme on the filter PEA samples is not expected to affect sample 

results ahtce this volatile PAH would be bound on particulate in actual tilter samples and less 

susceptible to the losses described here 

The recovery (162 percent) for dibenxo(a,h)anUuacene was higher than 150 percent 

for one of the four PEA samples. Since all the recoveries for other PAH in this sample were 

in the acceptable range, this high mcovery is probably due to wntamination in the field 

spiking pmcess, or in the sample handling, or in the labotatory. However, this high 

recovery should not affect sample results because dibenxo(a,h)anthracene was not detected in 

the field blanks and laboratory method blanks. 

For the majority of the VOST compounds, recoveries of the spiked compounds into 

the PEA samples were within 26 to 160 percent. This accuracy limit was established for 

recovery of surrogate spikes from VOST samples and is reasonable to use as a limit for PEA 

samples. 
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As described in the enclosed RTI report, RTI audited Batmlle’s pammagnetic Os 

analyzers, Chester Environmental’s Fyrite Or analysers, dry gas meters from both groups, 

and SOs and NO, CEM instruments operati by ABB at the SNOX’facility. Results of these 

audits are tabulatrd in the enclosed RT’I report. Battelle’s dry gas meter results, noted in the 

RTI report, were provided to RTI, and to the best of our knowledge agreed within a few 

percent with the RTI audit. 

A copy of Battelle’s internal audit report on the project is included as the last portion 

of tbis appendix. 

B-6. Results 

Results from the coal analysis round robin coordinated by Consol, Inc. (Consol) for 

DOEJPETC are presented in Tables Et-5 and B-6 for Samples F and 0, mspectively, which 

are the duplicate samples generated from Niles coal provided by Battelle to Consol. 

A comparison of the average round robin results for Niles coal from ah five 

laboratories participating in the study with the results provided in Section 5 of this report for 

Niles boiler feed coal is provided in Table B-7. In general, the relative percent difference 

between the average results for detected elements in the boiler feed coal presented in 

Table 5-10 and the average result obtained for Nilcs coal (designated Samples F and 0) by 

the five laboratories participating in the round robin study was less than 30 percent. 

Antimony, arsenic, cadmium, wpper, molybdenum, nickel, and selenium had 

relative percent differences above 30 percent; at 75 percent, 33 percent, 116 percent, 

35 percent, 56 percent, and 91 percent, respectively. The large cadmium and molybdenum 

relative percent differences were due to the non-detect results obtained for each. For 

antimony and copper, the laboratory procedures apparently did not recover these elements 
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n 

as expected. Although the arsenic and nickel relative percent differences were above 

30 percent (33 percent and 56 percent, respectively), the percent relative standard deviation 

assocbd with each in the mund robii study was also relatively high (averages of lz 

36.2 percent and 33.1 percent, mspectively) which suggested that the round mbin results 

were not more accurate than the result presented in Table 5-10. The mund mbii study also 

demonstrated that the large relative percent difference for selenium (91 percent) was not 

unusual given the poor accuracy of the mund robin results for this element. 
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TABLE B-7. COMPARISON OF BOILER FEED COAL RESULTS 
WITH ROUND ROBIN RESULTS 

Average 
Table 5-10 

Redt we, 
as received) 

Average 
Table 5-10 

Re.dt Ocgk, 
dry)* 

Avenge 
Round Robin 
Result (F/O) 
Ocgk, dry) 

Relativk 
Percent 

Difference 

Aluminum 13700 14600 15925 9 
Antimony 0.9 0.96 2.1 75 
AISUliC 34 36 26 33 
Barium 63 67 76.1 13 
Beryllium 2.27 2.41 2.37 2 
Boron 53 56 70.7 23 
Cadmium ND< 0.3 ND< 0.319 0.085 116 
Chromium 15 16 20 23 
cobalt 5.4 5.7 6.95 19 
Copper 14 15 21.2 35 
Lead 13 14 13.6 2 
Maw== 27 29 26.5 8 
McrCUly 0.26 0.28 0.26 6 
Molybdenum ND< 3 ND< 3.19 4.54 35 
Nickel 15 16 28.2 56 
Potassium 2cmo 2100 2405 14 
Selenium 0.9 0.96 2.56 91 
suiwn 24600 26100 28499 9 
Sodium 300 319 297 7 
Titanium 767 815 976 18 
Vanadium 26 28 34 21 

l Calculatal using average moistun value of 5.9 percent for boiler feed coal. 
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field Auail of: 

Niler Station Unit 2 
ohlo Ed&on 
Nile& OH 

t3~11tractors: Batlelle Memorial Institute 
Chester Environtnalal 

Dp14: July 20 and 21,1993 
RTI Personnel: JS. Rnnogan and L.L. Pearce 

Intmducticin 

Nlles Station Unit 2 is owned and opented by the Ohio Edison system and is located 
djaceat to the Mahoning Rlvez just south of Nile& Ohio. Unit 2 is a cyclone wal-fucd 
boil=. burning bituminous coal from vtious sources. The coal has an average sulfur wntent 
of 3.0 pacent. Typical gross eleUrical generation at full load is 100 MW. To maintain full 
load, foca atar-valve feedas supply approximately 44 tons pr hour of wal into four burners. 
Approxinu$rly2Oto3Opcrantoftheishinthe~irflyrrb Anelectrostaticprwipitator 
(ESP) is the priacipal wnuol for enuained fly ash. The rest of the ash. approximately 70 to 
80pcrantisrrPincdrrmolwls~ginthebooomofthebd~~thcndninedintoatanlc 
f&d with wata. 

A~~uriuunitZprioPwtheESPudic~u~u,theInnw~vcacrnColl 
Technology Wet Gas Sulfutic Acii - Sekctivx Ca#lytic R&&on of NO, (lcCr WSA- 
SNOW pilot plant managed by ABB Gmbustion Bagineaing. lRe WSA-SNOX pmwss 

‘prwidcrS4udNOscon~lon35peraatoftheflucgrrfnmunit2 TberearenoS02 
orNO,wnuolsystansforthe rmwining 65 petcent of the floe gas. ne WSASNOX 
pnrcrrustsarelwtiveuplyricrtrcuKfa~~ofN~sud~S~crplytic~r 
insequawcwlthawolingwwcrtownvcnS~toaulfmicacxL 

DuringtheudiftheN~ptnrhdrrpuodopcntionrlproblemCwithoneofthe 
four coal fwdets. On Tuesday. July 20. sampling was postponed beause of this problem 
By 1zCKI p.r& on Wedncsdry. July 21. this had been resolved. and a full day of organic 
ympling c4wlme”cai. ~3lws,theaNiresamplingaehedulewasshifted 

.~ Dupite the schedule change, the auditors - able to wmplete all pcrfonnanw 
cvrlurdon~dts (PEAS) and audit questionnaka. In addition. mom the was available on 
Tuesday and on Wednesday momingtointaviewthesamplingpersonndandtoexamine 
mcg& c’lbe auditors departed the site at approximately 6.30 pm on Wednesday. 
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1. 

2 

3. 

Ej&& Par&date fmclions data may be compmed because cyclones were 
opemkd in an cxtnwtive mode instead of in the stack. In-stack sampling could nor 
be puformcd because tbc ports were UK) small to allow the cyclones IO pass through. ~_ 
Obtaining rhe sample required a sample probe and flexible Teflon line. According to 
Tom Kelly. up u) 15 feet of tubing @robe length plus flexible line) wae needed when 
paforming a full traverse. When performing single-point samphng. shorrcr tubing 
runs watt uwi BancUe will wash rhe pmh: and Iii to ruzover any palticulate 
ma&al lost 

Effat on Data: Extracrive versus in-stack cyclone sampling may lead to different 
nwiits bccausc of pazticlc loss in the pmbc and lines. Dcpxiing on the gas flow me. 
tubing diameur. lubiig length. aJld aerodynamic diamucr panicle loa will vafy. 

Rinsing the probe and flexible line is a good idea. but assigning all of this ma&al to 
rhc fisst size fraction is questionable Sa the Recommendation section of this rcpon 
for a suggested investigation that might help clarify this issue. 

Glau cyclona of new daign were used to collect partiadate for s&e- Finding, 
hdhaied ma&is of meUds Aaxnding to George Svadmp. these cyclones wae 
of an original Battcllc design and were developed spccifiiy for this pro- and 
fab&atcd only weeks prim to the Nilcs field testing. 

Effect on Da& Unbnowa. Using all-glass cyclones should &miaauz rhc chance of 
mmlcanmmiMdonthatisposaibkwithuuuseofmmlcydoneabutbcoupthe 
cycloMwerr~~onlyaf~~bcforcmcpsSiticnot~ifvrlidrtion 
testing was adapae 

Fidin&~&O; amed;~~~robes oparted by Balidlq there was lumffitient 
ermocauple that controlled the temparature of the probe 

8t 250% from the high temperature flue ups. Consequently, when tbc thamocouple 
cmad the duct, appmximatsly h&way ituo the aavax, mC tcmpcratum contmllcr 
shut&mchcrrby~o~g~~onoutofthtspcLtodropbtlow~. In 
~~l.the~~Uericw~llingihepmbchcrmu,hatthepmbem~. In 
Egure2,tbewnuoUcrismnedoff. Thcpmbcinsidctheduaisatahigh 
~-38o~,wwhiletheprokouoidcrhed~icualowertanpcnaas 
-198oF. maonui by BattelL 

EffectonDau: Afewfmofthcprobcbclow2SOOFaeunsunLikclytocause 
significant problems. This probe, opaucd at sampling point #19, should he compamd 
with the pmtx at point #18 (which had adequate insuladon) for evidence of any 
unoxpccud di&ma in pmbc rinse concenmtions due to condensation in the _ 
unbaIodscctiolL 
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4. Findin& The use of old absorbing solution in the Fyrite oxygen annlyzers may 
have Led In low oxygen resells during the performance evaluation audit (PEA). 
During the Fyrite oxyge” analyrct PEA wid~ a”a+ct set II. the oxygen analyzer 
masumd oxygen 24 pacent low compated to RTI’s anndud gas cylittder. llu 
second oxygco analyzct ntcasnmd oxygen appmxhnatcly 3 petcent lower thm RlTs - 
oxygen standani. It was dctcnnbud fhat the sowcc of etmt may have ban the use of 
old ahsorbiig solution in the anal-. 

Effat on Data: Eve” though olectn Envimnmcntal checked the Fyrite #l 
periodically with ambient air. the oxygen attalyzer continued to give ctroncous tcsults 
what challenged with a standacd oxygen conantration. Checks of the Fyrite against a 
standard on a tqular basis should be pa’fonnui md the absorbing solution should be 
regularly replaced to prevent tnusoring incorrect oxygen conccnnations at the floe gas 
sampling locations. Accumte oxygen measutetnents ate necessary in detennitting the 
air in-leakage at the flue gas sampling locations for flue gas molecular weight 
WkUlUiOttS. 

5. Fmdine: The lidd balance used Lo weigh impinger solutions, d&rite, etc, was 
not being calibaaled using NLST-tnceahle we’@~ts Sexion 5.1.2.1. “Field 
Sunpiing Equipma&” of the Santplin~cating and QA@C Pla” statca, -Field checks 
of~~willbcmrdc~yusingasecofQCwzighawhich~ve~ 
weighed side-by-side with NLST-traceable weights.’ 

6. FMnG *Water used for wnabing nnd malting impinger nolutions was n 
mmmeroll brnnd of mtknown ckinlcal composition. 

EffatonData: Thewatcrshonldbeamfullyustedforthepc-ofanyoftk 
target analycc& If rcsalts show no contamination. or if backgmtutd levels ca” be 
Slt~~ShOUldk-impraO”~~ 

7. Rctdict~ Clauswan used by BatleWs subcantractor, chests Eatimnmmtnl, for 
aldcbyde anal+ was of a difkcnt sire than that wed by Bat&Be Battdle used 
midga impiigas, while atcsta used ftdl-size impingar 

Effect on Dataz Diiamaa will probably bc ndnimd, but widtotn side-by-side 
compiriconinfosmaciohitwouldbcimpossiblemkmPinthptthc&tn~cuctly 
cotnpamble. - 
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8. Findbt~ There appeared lo be xtme blaacbing of the DNPH solution, particularly 
the aacond DNPH impinger, posibly due to tbe high levels of SO,. 

Effect on Data: Unknown. Sa recommendations section for a suggested 
investigation. 

9. Findhtg~ Bagbow aab may hove been contaminated by the sampling devior 
BaueBe anployed a painted steel tube witbin a tnk devia for sampling haghonsc ash. 
Ash samples wae obtained by inserting the device into the ash hopper. wllecting the 
ash sample. and dispensing the collected sample into an amha jar. Auditors noticed a 
few spots whae the black enamel pain1 had flaked off the Nbe and rusty metal was 
-pod 

Effect on Data: Sample contamination could result The effect on the data is 
unknot but trace mctals analyses for these samples should he twicwed for any 
cvidena of wntamination 

10. Sampling of the bagbotuo ash may not bava been rapreaantalivc Findintr 
Baghouse ash was sampled from thme of the six ash hoppers. lltis ssmpling 
wnflgumion resubcd hum an obstntctcd sampling port for one of the ash hoppers. 

Effect on Data: Bauelle assomod that all aix hopas bcld identical mat&al and the 
sunplingrrh~~hoppuswrra~cntirivevrnpleofbrghouscuh. Each 
ofthersbhopperrwillconuin~n~~~giv~thu~isauniformflowof 
flUCgUthRWghthC wmpamwmt of the bqhousc and a unifoun disttibution of 
pactidainthcflae~ 

Auditwobservcda9o-dcgrreelbowinthedunu~baghourcinl~ Thissbcp 
budinthed~wuldcPuJcsome~aowdiaurbpncccud~sultinuncven 
particle disuibution Sina the velocby tnversm ate unable to he pafotmcd at this 
location. the dimovay of any cffects of this disturbure are pending labontoty 
-lysiL 

Obscrvatlons 

1. No grease was used with Baunlk’s sampling uains. Bccauae train components had 
becnprcsclecccdforgoodfiS~~anrheldtoaminimum Chestcrappeatedto 
uscT~~tppeonromcofthe~uad~joinoiatheireriactollulug+. 

2 IICC utqding ports that had ban pmvided in the SNOX facility dncts wete only about 
2 inches in usable diameter. This limbed the dinmeter of probes used and ptevuucd 
in-suck USC of larget devices such as cauade impactom and cyclones. Bauclle-+ 
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Chests were well-prepared for most potentill pmblcmc twoking from the smsll pert 
openings: however. comparison of these dxts with those obtained at other sites may 
Rvol diffcrcnccs due to exttactive versus in-stack sunpling. 

3. Fti pasonnel did not know if my single dats bay would be used to manage the 
uulpi’ul &rp If 1 lrborptory audit is petformed. it would be a good ided 10 audit - 
dxumndusbetwaothcdanbxses. 

Raommcndstions 

1. 

2. 

3. 

4. 

5. 

6. 

The field balance should be chskcd daily with NIST-mccablc weights. Clucks 
shouldbctaordcdin~eloghooL. 

Weti uulyvq including rugent blsnks for the impinger sohtfions made with the 
Msgnaic Springs wxm. should be presented in the QC sation of the final tcpott. 

Tltc observed bluching of DNPH solutions should be investigated. It is espaizlly 
~tu,vcrify(1)thuhigbiclnLrofS~orNOxdonotdegrsdethe~ucrc 
~tbeyarefontl4utd(2)thsuumactcd DNPH is not dcgndcd 10 such, xn extent 
that Utac is incomplete captore of the &ehydes xnd ketones, Stack conditions could 
bcrtcrattdin~~~~)invcEd~~tcthcrclEciviryofDNPHMdrdducc 
solutions with high Sq gas. bigb NOx grs and ZQO xir. 

AannputEtMdclsbotddbentatoutinutc theunarntofpsKicttlatenuusixllostin 
thcolbingbawemthcnmplingnorrlc~thccydoncrwrsidetheanck. Rcsulnof 
zb~dcbaniuIutalysisshmtldbccoKatcd baudonmodolingduand 
pmbcsndtubhgwashdam 

7%~ sll-@ass cyclones fataicstd by But&z should be subject to vslidation testing 
sinatheyxtcof~tK%vdesign ItnporMtw~onsincludeamtncyof 
tzahdad cutpobt& ptcuncc of any stxtic chuge buildup on the nonconductive gisss 
sprfrccz.mdlosrcrinthePrnplcprobcudfkxiblclinclcdingfromthcduau,the 
CyflOnc. 

E 
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Activitiy 

1. Pafomaance Evriuadon Audits (PEAS) 

AU scheduled PEAS were petformed for the following: 

Patamagnctic oxygen sensors 
Fyrite oxygen analyrm 
mydes 
Tncc metals 
PAH.5 
VOST 
Dry gas tt?caaim ori6cc 
Sq at@ NO, (ABB SNOX monitors) 

?lte tesulu of the pamtagnedc oxygen sensor PEA, the Fytitc oxygen xmlyzm PEA, 
and the CEh4 PEA anz shown in T•bla 1 thmttgh 3. Clusm Environmental’s dry gas 
Kew audit testtlts wae within 2 parent of the standatd critical orifice mcaxuremultt. 
Baaelk’s dry gas twer audit data had not ken received as of August 2, 1993. Sandy 
Amkrson. the QA Officer, was contacted catceming the missiig information. 

2 Tahnicd Systunt Audits (J-SAS) 

Because of plant opaational p&lanc not all sampling arinz wue observed; 
howcvm, alI basic acdvitics includbtg tnvass, ghsswarc and ash pmparation. and 
muwaicswcrrobsavcd Raovay0fnatcxidfromtlucyCl0ncSwasnotobservod 
basttsc the stlditots wac not ptcsatt on an intlrgtics test day. some &dditiottd 

alilntion data not p-t at the site wae tquestcd 
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mnnel Present Dwine Site Visit 

NOI%? Orgmixarion 

Rebut EVMS 
z;ZhP 

John Kdy 
Debbk smith 
Joe Thor 
W Rw3=4 
sandy Andason 
John iiilb&~~ 
Matk ontncbacb 
liithy cssuu 
Jim Flsnagan 
LoriFcara 

DOE 
Batldk 
Ball& 
BatUlk 
BaItCUe 
BalUlk 
Baltdk 
Bauelk 
Ohio Edison 
Chcstcr Envinmmcntd 
ABB 
RI-I 
Rll 
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(614) 4265014 
(614) 424-5014 
(614) 424-3h95 
(614) 424-4114 

(614) 424-5220 
(216) 384-5768 

(216) 6524881 
(919) 541-6417 
(919) 541-7182 
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TABLE 1. PARAMAGNRIC OXYGEN SENSOR PEA RESULTS 

z N2) Q.0 0.0 _- 
9.21 1 

. Accepmncc hits we not provided in the QA Plan. A reasonable acceptance limit of 
f 10% was used by RTI in evaluating the PEA data. 

TABLE 2. FYRlIE OXYGEN ANALYZER PEA RESULTS 

R-l-l 
I 

chc.ua 
I 

96 Diicrcna* 
(Audit Stanthd) Etlvinmmcn~ 

I 0.0 I 0.0 I 
t~=N2) 

4 (%I 9.21 7.00 -24.0 

.%#2 

zau 0.0 0.0 
@u= N2) 

0, (%I 9.21 8.95 -282 

l Accep~limi~~notpmvidalinthcQAPlan. A trasmmble acocptana limit of 
f1O%wasudbyRTIincvalttatin~thePEAdatx 
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TABLE 3. SNOX CEM AUDlT RESULTS 

& Difference* 
(Audit Standatd) 

9.21 9.02 

1549 1555 

l Acceptance limits wecc not provided in the QA Plan. A masonable aacptanoz limit of 
f 10% was used by RTI in evahating the PEA datp 
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INTERNAL AUDIT REPORT 

on 

A STUDY OF TOXIC EMISSIONS FROM THE 
NILES STATION BOILER NO. 2 AND WSA-SNOX PROCESS 

E 

This report summarks the audit activities conducted on-site at Ohio Edison’s Nilcs 

Station WSA-SNOX demonstration project and at Battcllc Columbus Laboratories from the 

time period of July 19 through October 11. 1993. As Project Quality Assurance Officer 

(QAO), I observed field sampling and laboratory activities which were cornpa& tn 

descriptions provided in the Management Plan for ‘Study of Toxic Emissions from a Coal- 

Fired Fowcr Plant Demonstrating the ICCT WSA-SNOX Project and a Plant Utilizing an 

BP/Wet FGD System’ (DOE Coneact DE-AC22-93PC93251) dated June 21, 1993. and the 

‘Final Niles QAIQC, Sampling. and Analytical Plans’, dated July 17, 1993, under the same 

contract number. 

During these observations, I recorded detailed notes which arc summarized on the 

attached Checklists including general information (date, place, time, what, who), a brief 

ttanative account, sample collection and related pmcedurcs, commmts and recommendations. 

All of the recommendations were discussed in real-time with either the Project Manager, 

Assistant Frojea Manager, Field Sampfing hfanager. or Analysis Leader as soon as possible 

aftcx the observation. Corrective action was implemented in most instances before the QAO 

left the ittspation site or within a rcaSOnable time length thcrcatkr. 

Field and laboratory inspections conducted during Nilcs Station, SNOX F’mcess 

Power Plant activities indicated that, for the most part, the QlvQC Plan of July 17 was being 

followed as written, or according to formal, written deviations as described in ‘Tozhnical 

Note, Volume 1 of 3 - Sampling’ dated November 1993. These deviations were initiated 
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either as a need for corrective action or because the technical and physical demands of field 

and labotatory operations precluded adhering to the original QAlQC Plan. 

On-site field observations included: sample tmcking, custody, storage, and shipping 

procedures; in-process sampling at Locations 20, SCR Reactor Outlet; 19, Raghouse Outlet; 

and 18, Raghousc Inlet. SNOX Process sampling was observed at Locations 1 (Boiler Feed 

Coal), 24 (Baghouse Ash), and 22 (Sulfuric Acid). Various sampling train rccovcty and 

prcpatation procedures were also observed. 

The Rattellc QAO also served as a point of contact, along with the Project Manager 

and Field Sampling Manager, for RTJ personnel conducting an independent field audit on 

July 20-21. 1993. In the absence of the Field Sampling Manager, subsequent to the field 

sampling phase, the QAO provided the following tn RTJ Auditor L. Pearce: type S Pitot 

tubes calibration sheets dated July 13; completed Multimetals Tram data she& from 

sampling Location 19 (Run N-19-MUM-722) as requested by RTJ’s Jim Flanagan; nozzle 

calibration data forms dated 06/12/93 and 07/26/93, including one for Chester nozzle 54; and 

continuous instrument calibration data forms for Scrvoma 580A instrument (dated 07/24/93) 

and Savomcx 57OA insuummt (dated 07/20/93). These am described in a letter to Ms. 

Pearce dated August 9, 1993. 

Laboratory observations included: sample receipt, log-in, custody, and storage 

procedutos; PAHBVOC liquid samples extraction and concatuation; systems audit of VOC- 

Canister sample rcccipt and analysir, anion analysis by ion chromatography and data 

tracking; PAWSVOC liquid samplea prcpamtiott; PAWSVOC gas and liquid samples, f&“r 

pmpamtion; PAR analysis by GUMS and DioxiniPuran analysis by GUMS. 

Following is a sequatial account of Nilcs Station SNOX Ptoccss audit activities, each 

with a brief narrative and QAO’s mcommmdatioos when applicable. For detailed mcmds, 

da&d observations ncordud on oithcr the Field Jnspoction Checklist or Laboratory Jnspaxion 

Checklist should be consulted. 
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02. 19 Ja: c 

Ob-tions: Process Sampling for Boiler Feed Coal at Location 1. Half-hour 

p- samples wcm collected from each of the coal feeders with a painted, metal scoop 

into a cleaned wffce can and subsequently emptied into a plastic .bag for wmpositing. 

Random-sized coal pieces are left in the sample wllection. Impinger and train recovery 

procednres were observed for cyanide and multimetals, Location 19 baghouse outlet; and 
L 

pa&culate ftlter &ovety for Location 18, baghouse inlet. Impingers and trams arrived at 

the rewvery sites on ice and wnnections were wtappcd with tape when applicable. Rinsing, 

cotttainer, and collections procedures followed the QAP; Method 29 filter holder was brushed 

and wiped out, and reloaded for use at the same site location. Container labels and chain-of- 

custody forms were completed. Location 20, SCR teactor outlet, in-process sampling 

conducted by Chester staff, was observed as well as the sample prepamtion nailer used by 

the subcontractor team Hotizontal traverses as well as Nmpcratum and meter readings were 

noted. 

Recommendations: Use of a painted swap for boiler feed coal samples was discussed 

with the on-site Project Manager. Niles staff were requested to provide overnight sample 

custody for wllected samples and to initial the last day’s collection on the data form for 

tmccabiity. Excursion from the QAP pg. 5.2-18 description of wllecting into ‘precleaned 

glass bottles’ must be addressed as a deviation. Sample custody and hat&r must be 

daritied for times what samples ate being transferred and the designated sample custndii is 

titllihg sample wliection obligations (three times daily samples for baghouse ash. Location 

24). Individuals responsible for hain rewvery should also be clearly identified. Data sheets 

from sampling locations were observed with either no clock times for start/stop or names 

recorded were noted and this was diissed with the field sampling manager immediately. 

H.ums above wete discussed during the sewnd sampling day with Project Manager 

Svcrdrup and Field Sampling Manager Tom Kelly. A formalised list of deviations was to be 
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initiated and wlll be updated as needed, to describe departurea from the QAP and the impact 

of the changes on the study. 

Response: The deficiencies in documentation of data sheets, sample recovmy, and 

sample custody were addressed immediately following the QAO’s comments by directions 

and temindm to the pertinent staff in the field. The coal collection device caused no 

contamination of the coal samples, due to the large sample sixe collated and the lack of 

damage to the device itself. Use of plastic bottles has been noted as a deviation from plan in 

the Dmft Final Reports on the Niles sampling. 

Observations: FVoceas aampling from baghour ash Location 24 was observed early 

in the day. However, because of sampling program cancellation due to plant problems, this 

was the only process sample collected on this day. Time was dedicated to the accommoda- 

tion of the RTI performance audit activities. lltis included oxygen meter chaks with 

samlard cylinders provided by Rn; spiking of XAD-2 traps and filters; initiation of dry gas 

meter audits for Locations 18 and 19, using an EPA standard orifice supplied by RTI. A 

detailed examination of the sample proce&ng, custody, and shipping procedures was 

conducted by the Rattehe QAO. 

Recommendations: There was no standard calibtation form available on site for 

dtha RatMle or the subcontmctor on which to tecord results of the RTI audit. Dii 

data entry correction pmcedure with the Field Sampling Manager to eliminate obliterations of 

mnrcted values on sampling data forms. Situation was discussed with the custodii and 

epinrrcoveryleadainwhichfilursprrppedpftcrrccovery~onO7/19wcrrproprly 

stotal and labelled but wete not logged onto the chain-ofcustDdy form by midday of 

July 20. 

Response: Furtha discumions were held with field staff tesponsible for the sample 

documentation and custody. The minor lapses still found in these areas were due to the 

conditions of field work and the large numbers of samples being logged in. 
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Observations: RTI staff continued the conduct of their performance audit. The c 

Battelle QAO reviewed sample packaging and shipping procedums. ‘Cold’ samples such as 

impinger solutions, XAD-2 traps, VOCS and SVOCs are shipped out daily on ia via 

couria. Process coal and preserval samples are shipped back to labs at the conclusion of 

sampling. VOC SUMMA canisters are shipped out within 24 hours of collection. All 

sample container labels are covered with clear tape, the containers wrapped in bubble wrap 

and double plastic bags for shipment. Receipt and tempmary storage of Chester VOST tubes 

were observed. Raghouw inlet sampling at Location 18 was initiated with a dry gas meter 

calibration ongoing while the sampling team was setting the probe in place for the ftrst of 22 

vertical traverse sampling points. The second sampler was sating up for a horizontal 

baverse. Baghouse outlet sampling at Location 19 included setthrg up of the Nutech Stack 

Sampla. a critical orifice check and set up of the aldehyde impinger on the lower platform. 

The vertical traverse probe was already set up for tha ftrst sampling point. Transfer of 

SUMMA cat&as to Locations 18 and 19 with chain-of-custody forms and cross check of 

canister identification tags were noted (88W, 89-005, 88033). Sulfuric acid sampling at 

Location 22 by ABB staff was observed from the tank tmda the SNOX tower. The sample 7 

was wbted into a ptecleaned and labelled amber glass bottle and constituted the daily 

sample. RlT’s spiking of two aldehyde trains was noted. 

Recommendations: There were no additional recommendations for sampling day 03 

04mtions. 

A verbal debriefing was conducted by RTl and included the following highlights: 

Battelle is using bottled DI water that does not meet method requirements for ASThf Type ll 

water. Even though blanks are run, consideration should be given to using bottled ASTM 

was. Thae is wncem ova use of a painted metal scoop for the coal feeda Location 1 

ptoccas samples. The oxygen analogue meter was noted to be out of specified calibration 

rangea. There ate differences in the aldehydc tram connections: Battelle uses dry 

comtectmns and a different sized impingers than Chester, which uses Teflon tape on grand 

glass joint wnmctions. Fyrite tubes Chester is using must have a once&y stxndards check 

5 
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for acmtmcy. Additional minor points included whetha quartx or glass ftitas wae Used 

for dioxin rample collection since the QA Plan didn’t specify, and a question as to how glass 

end caps for.sxmpling trains were stored during sampling. 

Response: Most of the items noted in the RTl debriefing have ban addressed in the 

Draft Final Reports on the sampling studies conducted at the Nile+SNOX and ~Ni Roila 

No. 2. In both reports, responses to the RTI wmments are presented in Appendix B: 

Auditing. Quartx fiba ftltas was used for all sampling. Glass end caps were wverai in 

aluminum foil or kept in plastic bags during sampling. 

Iv 29. 1993 

Obwrvntions: Samples for~N 5a MUM 727, N 4 MM5 728. N 13 PRL, xnd N 8 

PRS samples wae tracked from evening delivay to the Rattelle lobby, trnnsfa by the 

Iabotntory Sanple Custodian to the receipt and log-in area, to tinal storage locations prior to 

preparation xnd analysis. &a. wolas and seven boxes of liquid, solid, and ftita samples 

wae aoss-chccked between wntnina label information and completed chain-of-custody 

forms prior to being logged into the custodian’s rewrd book. 

Recommendations: Sevaal discrepxncies from the sampling aspects of the QlvQC 

Plan wae noted and discussed with the Custodian xnd the Field Sampling Managa. Catain 

of these nre to be addressed as deviations to the QA/QC Plan; othas for which subsequent 

datx wan completed to assure traaabiity of samples and wmpleteness of the sampling 

record, should be addressed for futute studies by more vigorous baining of field stxff prior 

to depahtre for the sampling site. QAP pg. 5.2-22 specifies 4-lita bottles for wllsztion of 

ssntpla from Locations 9,10, xnd 13. 500-ml amber glass bottles of samples wae received 

from thcae sites. Location 9 ‘rlva wata’ is tefemnced as ‘mxkeup wata’ in the QAP. 

Sequatial samples for N 13 PRL 729 snd others wae noted with identical labels for all four 

wntxinax. Subset identifiers should be added for aceability for this type of replicate 

ampling, which is not spelled out in the QAP. Disctepsncies in sampling times between the 

wntaina labels and wmpletcd chxin~f-sustody forms vatied from a few minutes to M hour. 

Camin sampling team members used only their first names on forms and labels. The 
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Labommy Sample Custodian documented labching and sample wntaina dircrrpanciec on 

both the custody form and the sample record logbook. 

Response: As noted, some discrepancies were observed in documentation of samples. 

However, all such discrepancies were resolved in the chain-of-custody mview process prior 

to sample analysis, and all samples were idattific+i and acwtmtod for. Impmwcmatts in the 

sample numbering scheme will be made in any futute work. ‘Dte collection of liquid samples 

is noted as a deviation from plan in the Draft Pi Reports on the Niles aatnpling efforts. 

. . . #Y I!l?bH~SV~ g 

Observations: Method 3510 was followed for cxtmction. pH adjustment, spiking, and 

wncentration. Spiking and surrogate solutions are traceable to neat stocks. Samples wem 

labelled propuly through the 2day pmccss and custody pmccdure.s observed through Snal 

Oansfa to the analyst. N 9 PRL 730 samples for pond water, river water, trip, and fmld 

blanks wcm tracked for this observation. 

Rewmmcndations: There wue no recommendations ‘for these observations. 

Qbservations: A system audit was wnductcd of VQC-canina analysis, from transfer 

to the analyst by the Lab Sample Custodii, insttumcnt calibtation with a 42-component 

NIST-traceable standard, sample analysis, data acquisition and tnvicw. and transfer to 

txnbrs for ruzleaning. VOC canisters are shipped within 24 hotns of field collection and 

the analysis is initiated the next morning afta sample mceipt to maintain the holding time 
z 

limiIation of 2 days. 

Rewmmcndations: clarification of using a 42-component, rather than the QAP p. 

4.1-14 ‘wntaining the 41 target wmpounti should be added to the study tmxd. This is not 

technically a deviation, however. 

Response: The cylinda used for calibration wntainal42 compounds; bowever, for 

this study, only 41 compounds were targeted for analysis. 
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Observations: Process water samples from 728 am received in 40-ml amber Vials and 

the labels checked to the chain-of-custudy form copy. Twofold dilutions of samples sre 

made using a calibtatcd autopipettor. Standard, calibration, and spiking solutions mu 

traceable to a separate logbook. EPA Method 309.0, December 1989, is used as a guideline. 

EPA PE Standard WPO29 is used as an aaxacy check solution for Dioncx bmttummtabon. 

Sample custody is documcntcd from receipt through analysis. The analyst reviews generated 

data and sets up a dam file for each set of samples that includes: Final Anion Report, 

Summary Report, Calibration Plots, Duplicate and Spike Data, Standards Prep Data, 

Analysis Conditions and Chromatograms. 

Recommendations: Minor clerical traceability issues were discussed with the analyst. 

Rcfawtcc to the specific method guidelines used and brief description of the sample 

prepatations should be added to the study record book. 

Response: Reference to spa&c method guidelines and a description of the sample 

prcpamtion procedure were added to the study racord book. 

. . PAHISVGC Gas and: 

Obsavations: N F 730 samples for Locations 5a. Sb, and 4 were observed from 

initial custody transfer, through column chromatography, extraction, spiking with intanal 

standard, wncentration, and stotage until analysis. Chromatogtaphic magent preparation and 

glasswam prcpamtion were diisscd with the analyst. Sample labels r&cot identity 

throughout the process and tracking documatmtion is also described in the study record 

book. 

Reoommatdations: Calibration of the storage tefrigaation unit thermometer was 

suggencd,arwellasalodronthefrruawheresamplecxtnctrannorrd. lltelatta 

suggestion was implemented within the next day or two and alleviated the problem of 

unastumd sample custody after working hours caused by a faulty door lock in the laboratory 

ara. 

Response: The storage tefrigmation unit thermometer was calibrated as suggested. 
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Observations: Tuning, calibration, and analysis of the first sample cxtmct was 

observed. A Battelle Facility SOP describes the analysis using the Finnegan MAT TSQ 

GUMS. The instrument logbook mrds the sample ID, file JD, and laboratory mcord book 

tefcratce number. Frcaer for instrument standards is monitored. Sample analysis flow 

begins with an instrument tuning run, standard, standard, sample, sample, sample, standard 

at end of the run. The Lab Analysis Manager determines when wrrcctive action is needed 

and also performs the action. Third patty review of data and spreadsheet is performed 

before tmnsfa of data for reporting. 

Recommendations: No recommendations were made for this observation. 

Observations: Samples am stored in a monitomd fteexer from ttansfa through 

analysis. MM5 Site 5a filter was ‘tracked as a illtcr extract from the prep logbook to the 

Mass Spec logbook. Sample custody and transfer is also documented in the Dioxin Lab 

sample logbook. Five point recalibration is performed initially for the dioxin analysis, with 

ambtming calibrations being performed at periodic intervals. Calibration standards am made 

up by the Standards Custodii from wmmcrcially available standards, as ate window mix 

and column paformancc checks. The MS logbook documents openting parameters, as well 

as illc ID, Lab ID, sample ID for mom reference, injection volume and clock time of 

injection. Instrument used is VG Analytical HP589OA GC, and 1 l-25O.J computer which was 

last validated on M/07/93. acunding to the facility SOP. Sample analysis flow begins with 

performana checks, calibration, dccane blank, samples (including QC), and calibration point 

at the end of the run. 

Recommendations: No recommendations were made for this observation. 

c 
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The purpose of this Appendii is to rummarize important aspects of the fmld 
. 

sampling effort at the SNOX process that may not be adequately covered elsewhere. The 

actual schedules and sample recoveries achieved in the field are described in sections 1 

through 3 of this report. This Appendix provides further detail on the procedures used in 

sampling, recovering, and storing samples from flue gas, solid, and liquid streams. This 

information is intended to supplement that provided in the QAPP for this project. 

The sampling conducted at SNOX process required a variety of chemical reagents 

and sampling materials, which were prepared or provided either by Battelle or by Battelle’s 

subcontractors. All of the chemical rmsgents needed for Sue gas sampling and sample 

heatment were prepamd by Battelle, and distributed to Chester Environmental sampling 

personnel as needed. The purpose of this approach was to minimize sampling variance by 

using reagents from a single source. The list of reagents included acidified peroxide and 

permanganate for the Multi-Metals trains, carbonateJbicarbonate solution for the anion trains 

(Method 26A). 0.1 N I&SO, for ammonia collection, 0.1 M NaOH for cyanide coUection, 

and acidiied 2,4dinitrophenylhydrasine (DNPH) for aldehyde collection. lltese reagents 

were made up on-sue from high purity starting mater& includiig deionizd water, or were 

prepared from concentratmi stock solutions brought from Battelle, when reagent stability 

made that approach appropriate. All reagent solutions were made up fresh on the day of 

sampling and distributed to Chester personnel. 

Various rinse solutions were also brought to the site or made up by Battelle, for use 

in mawring samples from the various trains. Those brought to the site were deionized 

water, acetone, acetonitrile, and 50150 methanoUmethylene chloride. Rinse solutions made 

up at the site were 0.1 N HNOs and 8 N HCl. These solutions were supplied to Chester 

staff as needed. 
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Sampling mat&s were provided both by Rattelle and by subcontractors. Materials 

provided by Rattelle were Summa polished sampling canisters for VOC’s, filters for all flue 

gas sampling runs except the HEST, and cleaned XAD resin for all SVOC sampling by 

Modified Method 5. The XAD was obtained and cleaned by Rattelle. and was used to fig 

sampling glasswam of different designs for Rattel!e and Chester. The filters provided by 

BatteUe inchukd 87 mm dheter for RatteRe’s flue gas sampling, 104 mm dieter for 

Chester’s hot flue gas sampling, and 203 mm x 254 mm (8 in. x ,I0 in.) for Chester’s PSDS 

sampling. All these filters were high purity quartz fiber. Filters used for SVOC ssmpling 

were muffled and stored in muffled aluminum foil before use. Filters used for Multi-Metals 

and particulate mass measurements were weighed under constant conditions before shipment 

to the field. Battelle also supplied pre-cleaned comainers for most of the flue gas and 

s&i/liquid samples. 

Other sampling materials were supplied by subcomractors. Chester supplied pre- 

cleaned VOST traps for use by both Chester and Rattelle, and provided HFST carbon- 

impregnated Rlters and assoc&d quartz particulate pre-filters for both groups. Chester 

provided cascade impactors and the necessary stage components for particle size 

demminations at Locations 5a and Sb. Zande Labs provided pre-cleaned 40-ml vials for 

he&pace-free collection of liquid samples for VOC analysis. 

c 

The BatteUe and Cheater field sampling teams prepamd their own respective 

sampling trains using the reagents and materials described above. Within each of the Rattelle 

and Cheater field teams, a single staff member was designated the Sample Recovery Leader. 

‘Ibat person, and only that person, dii and approved the preparation and recovety of 

sampling trams. Each group used their own labotatory facilities on-site, as described below: 

l Rattelle’s field laboratory is a 40-foot air conditioned semi-trailer equipped with 

a side emrance door and an electrically operated platform lift at the rear double 

doors. The trailer accepts 100 A of 125 V/250 V AC power by hardwiring to a 

transformer or stitch box. This trailer served as the primary contact point for 

c-2 



RatteRe and Chester staff, and was used for meetings among project personnel 

to review the previous day’s activities and plan for the current day. Such 

meetings were especially necesmry on the 6 sampling days, but were useful in 

the setup and shutdown phases of the field effort. 

Two 28-foot rental trucks equipped with side enttances were used by Ratmlle 

staff for prepamtion of flue gas sampling equipment and for recovery of some 

samples. The two trucks were equipped with tables, storage arras, and a desk 

for equipment setup, and sample recovery. One of these trucks was used as the 

sample recovery area for aldehyde samples t&y. This anangement minimized 

wntamination of aldehyde samples by acetone used in other activities. 

Cheater EnvironmentaI’s field laboratory was a laboratory trailer approximately 

15 feet long, and equipped with lights, air conditioning, storage, and work 

areas. The laboratory hailer was used by Chester for preparation of sampling 

equipment, cleanup, sample recovery, and sample documentation tasks. 

The fadities described above were posltioned close to one another near the 

stack and the SNOX demonstration project at the SNOX process. That location was roughly 

centrally located among the various flue gas and process sampling locations. In addition, 

two commercial compressed gas tube trailers were positioned near the base of the J3oiler 

No. 2 stack. Those trailers wem obtained by Chester, and supplied the N, and Or needed as 

dihmnt gas in the plume dilution sampling at the stack. 

Written procedures for reagent and ttain prepamtion were provided to field staff, 

and were posted in the ttain prepatation ateas of the Field Facilities. Copies of those 

documents, which included sample recovery as well as preparation procedures, are included 

at the end of this Appendix. All sampling reagents and trains were prepared under the 

diition of the Sample Recovery Leader. Every flue gas sampling train was accompanied 

by a chain-of-custody form specific for that sample and sampling location, from the moment 

the train was assembled. That custody form remained with the train throughout sampling, 

and was returned to the field laboratory with the tram once sampling was completed. That 

same form was then used during sample recovery and documentation procedures. 
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Table C-l presents a summary of the chemicals measured, the type of samples in 

which each chemical was measured, and the sampling methods used for each. 

The sampling methods used were detailed in the QAPP for this study. Brief 

descriptions of the sampling methods are as follows: 

b&&wd29lDlpftlupL1992~ M&&&&&Metals. _ * Method 29 is designed 

to determine emissions of metals from stationary sources. In Method 29, flue gas is 

withdrawn isol&eticagy from the source, with particulate emissions w&ted on a heated 

quartz filter and gaseous emissions wllected in a series of chihed impingers. The series of 

impinger consists of two impingers wntaining a solution of dilute nitric acid and hydrogen 

peroxide, and two impingers containing a solution of dilute potassium permangattate and 

sulfuric acid. 

A series of two glass cyclones preceded the pm-weighed quarts filter at the ESP 

inlet to provide size cuts of > 10 rm, S-10 pm, and C 5 pm in the collected particulate 

matter. These cyclones were loeated in the heated sampler box along with the particulate 

filter. Thus the 10 pm and 5 pm cyclones repWed the single 10 Cm cyclone normally used 

intheMethod5typetrain. ThecydonecutpoiatswaebaJedonawmputaprogramused- 

to design the cyclones. Insufficient time was available before the study to conduct 

cxmtirmatory tests of the cyclone cut points. 

Method 29 sampling at the baghouse inlet was mod&d to include the use of a 

flexible, heated, Teflon sample line wmrecting the probe to the heated cyclones and filter. 

Tlte flexible heated line, which allowed the vertical sampling requimd at that location, was 

made of 112 in. diameter, thick-walled, smooth bore Teflon tubing and contained a 

temperature monitor. An empty impinger was used in the train for condensate dropout. 

USEPA Mt+thd 26A paPMatter.- Hvdroim - * 

Pbtoride. Sampling was conducted along the general procedures of EPA Method 26A, 

with adaptations to the guidelines of California Air Resources Board (CARB) Method 421 in 

the wllection solution employed. Method 26A is designed to determine particulate matter, 
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and hydrogen halides in the absence of other chloride-containing volatile species. It is 

suitable for combustion sources where the primary source of chloride is the dissociation of 

chlorinated organic compounds. In the present study this method was be used to determine 

I-IWIICl and their wrresponding particulate anions, as well as particulate SO,- and PO,‘. 

A sample of flue gas is withdrawn isokinetically from the source, with particulate 

emissions collected on a heated filter and gaseous emissions collected in a series of chilled 

impingers wntaining a solution of sodium carbonate (1.8 mh4) and sodium bicarbonate (1.7 

mI@. The method was used in this study in a single-point, nonlraversing mode. The use of 

carbonateJbicarbonate solution as the wllecting medium for I-ICI and HP followed the 

guidelines of CARE 421. The solution was prepared by a 1: lC00 dilution of stock solution 

in the field. The same solution was used for rinsing of the probe and filter holder after 

sample collection. An empty impinger was used at the front of the chilled impinger train to 

collect wndensed water from the stream. The wllected condensate was saved as a sample 

fraction for chemical analysis. 

. Method 23 is designed to 

determine speciftcally dioxins and furans. In this study, Method 23 was adapted, according 

to Modified Method 5 guidelines, to measure polycyclic aromatic hydrocarbons (PAEI). 

Thus Method 23 as referred to in this document is a modified method for measurement of 

PAH and other SVOC. 

In addition, whole air samples were collected from the Method 23 train in SUMMA 

polished canisters, to determine volatile organic compounds (WE). Samples for VOC were 

taken with both SUMMA canisters and VOST (volatile orgartics ssmpling train) for 

wmparison of the hvo methods. 

Glass cyclones were used in the Method 23 hair as described above for the Multi- 

Metals train. At the ESP inlet the method employed a flexible heated Teflon sample line 

WMwtbtg the probe to the heated filter. The flexible heated line, which allowed the vertical 

sampling required at this location, was made of l/2 in., thick-walled, Teflon tubing and 

wntained a temperamre monitor. 
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- . c The SUMMA samples were taken ditecuy into evacuated 

stainless steel canisters. The samples wete taken from a tee in the Method 23 train between 

the condenser and the XAD-2 cartridge for the Chester samples, and were taken from a tee 

upstream of the integral condenser/XAD unit in the Battelle train. Each canister was 

equipped with a manual valve to maintain vacuum until sampling is initiated. A flow orifice 

was shed and installed in the sampling line (Teflon) between the tee and the canister valve, 

to provide a time integrated sample. The orifice was sired to allow the canister to fill over a 

one-half hour period. The Chester tee fitting was designed so that water condensing in the Y 
main air flow to the XAD-2 cartridge was qarated by gravity from the small air flow 

(appmaimatety 200 cm’/min) flowing to the canister. This armngement prevented water 

from clogging the flow orifice in the canister line. In the Battelle train, a glass midget 

impinger wntaining hydrogen peroxide solution was placed in an ice bath, and served to 

condense out moisture and remove S& in the flow line upstream of the orifice. Each 

wnister connection had a compound pressureIvacuum gauge attached. This gauge was used 

to measure the initial canister vacuum, monitor canister pressure during sampling, and record 

the final canister pressure after sampling. Three canister samples were taken (approximately 

simultaneously with three VOST samples) on each organic sampling day. 

YQST. VOST samples for volatile organic analysis wem taken with a Graseby- 

Nutech 280 Volatile Organics Sampling Train (VOST), or equivalent. Sampling was 

conductai consistent with the procedures of SW-846 Method 0030 which provides for the 

collection of volatile organic compounds by adsorption onto Tenax and Tenaxlcharcoal 

mrbents, and with the guidelines stated in the VOST manual (Gtaseby-Nuteoh, Durham, 

NC). ‘Ibe standard VOST wnsists of a glass-lined pmbe followed by an isolation valve, a 

water-cooled glass condenser, a sorbent cartridge containing Tenax (1.6 g), an empty 

impinger for condensate removal, a second water-cooled glass condenser, a second sorbent 

cartridge wntaining Tenax and petroleum-based charwal (3:l by volume: approximately 1 g 

of each), a silica gel drying tube, a calibrated mtameter, a sampling pump, and a dry gas 

meter. The gas pressure during sampling and for leak-checking was monitored by pressure 

gauges which are in line and downstream of the silica gel drying tube. In this study, the 

Tenar./charcoal sorbent traps were augmente%l with a combination of modem carbon-based 
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sorbent mamials (Carbxieve, Supelw, Inc.). This approach enhanced collection and 

recovery of a variety of volatile organics from the flue gas streams. 

Each VOST run consisted of three samples, each of which wmptiscd a pair of traps 

in the VOST system. The three samples were taken over periods of 5, 10, and 30 minutes, 

at a flow rate of 0.5 Ymin. Each VOST sample was run during the same time period as the 

SUMMA canister samples collected from the Method 23 train. 

B. Sampling for gaseous aldehydes, cyanide, and ammonia was 

conducted using a series of impingers downstream of a Method 26A type train operating at a 

single point (i.e., nontraversing) in the flue gas flow. The front half of the train consisted of 

a glass nozzle, glass heated probe, and a heated quartz fiber filter. The back half of the train 

was a separate set of impingers prepared for each of the analytes listed above, and changed 

out sequentiaUy over the wurse of each sampling day at intervals wrrespmxiing to the 

appmpma sampling times. 

The aldehyde samples wem taken after the general provisions of EPA Methods 0011 

and TO-S and AFWA Method 122 (Aldehydes in Ambient Air and Source Emissions). The 

sample were collected nottisokinetically, and the Nter was not srtalyzed for aldehydes. The 

ftrst impinger was an empty condensate collector, and the next two impingers wntained an 

acidic 2,4dinitmphenylhydrazine (DNFW) solution in which aldehydu in the sample are 

converted to form stable DNPH derivatives. These were followed by a silica gel impinger 

and a pump and metering box. The aldehyde samples were run for 1 hour at a flow rate of 

1.0 umin. 

The sampling tram used for ammonia and cyanide wntained a filter to collect 

mamrial for radionuclide and residual carbon analysis. Sampling was isokinetic at a single 

point. The cyanide samples were taken after the general provisions of APHA Method 808 

@emrmination of Cyanide in Air) with an impinger train, as those described above, but 

wntaining a dilute sodium hydroxide solution to wllect gaseous cyanide and retain it in ionic 

form. The sampling time was about 1 hour. 

The ammonia sample was also taken with an impinger train after the provisions of 

A.pHA Method 401. The bain was similar to those described above, but wntained a dilute 
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sulfuric acid solution. Ammonia in the sample gas is wnver,ed and retained in the impinger 

solution as ammonium sulfate. The samplbtg time was about one-half hour. 

The need for analysis of the filter in Method 26A for F and C1- dictated a large L 

sample flow for that method. Replacing impingers for HF and WC1 with those for ammonia, 

and cyanide readily adapted Method 26A to sampling those constituents as well, but required 

use of standard glassware and reagent volumes. Consequently, sampling for gaseous 

ammonia and cyanide employed full-sire Method 5 glassware, with sample flow rates of lO- 

15 Cumin. A single particulate lilter was used throughout the sampling of ammonia and 

cyanide in sequence, to maxim& the particulate sample collected for mdionuclide and 

residual carbon analysis. 

m. The Hazardous Element Sampling Train @BST) was used to determine 

volatile elements at the flue gas sampling locations. The HJZST sampler consists of a filter 

pack with a stainless steel support screen, and three 47-mm fdters. The air flow entering the 

HEST sampler frrst mwuntered a quartz fiter for particle wllection, followed by two 

charwal impregnated filters for collection of volatile elements (arsenic, mercuy, selenium). 

The first impregnated ftlter is for wllartion of the volatile elements, and the second allows 

checking for breakthmugh. Because only volatile elements are of interest, the HEST was 

used for nonisokinetic, single point sampling. 

m. Glass cyclones wem used to classify and wllect 

particles by sixe at Location 18, the baghouse inlet. pilot Model Mark III cascade impactors 

wereusedtodemrmine particle size distributions in sampling at the baghour inlet and 

outlet. llte impactors had an inlet, seven impactor stages, and a back-up filter. The 

impactor performs aerodynamic sixing by routing the sample through a series of bends of 

increasing sharpness and jets of diminishing diameter. As the gas passes through the 

impactor jets, aerosol particles, which due to inertia cannot follow the gas flow stream, land 

on glass tiber filters attached to back-up plates. The smaller particles remain in the gas 

seam, cmtinuing on to the next stage. With each successive stage, the mean diiter of 

the particles decmases down to the final back-up filter, which screens out all remaining 

particulate. The actual aerodynamic cut size per stage depends on the velocities of the gas 
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through the impactor. All impaction substmtes and the backup filter were of Reeve-Angel 

934 AH glass ,fibex mats. This material is reported to have very low characteristics for 

absorption of scqso> 

A summary of the testing methodology follows: 

1. Isokinetic sampling rates, noxxle sins and sampling times were calculated based 

on preliminary velocity, temperature and moisture characteristics. 

2. llte units were assembled and sealed in a clean area, transported to the sampling 

location, attached to the sampling pmbe and train, and tested for leakage at 

15 in. Hg vacuum. 

3. The sampling head was then pointed downstream for a minimum of 10 minutes, 

to allow the assembly to warm to stack tempemture. The assembly was then 

turned 180 degrees to begin sampling. The sampling consisted of a single point 

sample, wllected isokinetically at a point of average flue velocity. 

4. After the sample was wllected. the sampling head was removed from the stack, 

disconnected from the sampling probe, sealed and tranqxuted to a clean area for 

disassembly and sample recovery. Collection plate filters were removed stage 

by stage using tweexers and placed in sepamte. labelled petri dishes. The jet 

stages were examined and any blocked jets cleaned. 

5. The petri dishes were sealed for transport to Chester’s labotatory for gravimetric 

determinations. The sampling head was then reassembled for the next test. 

Flue gas sampling trains were returned to the field laboratories after sampling for 

sample recovery by the Sample Recovery Leader. Sample recovery areat were off-limits to 

all but those staff involved in the actual preparation, recovery, and documentation of 

samples. Sample recovery was generally done after the completion of all sampling for the 

day, and after sampling staff had left the site. This further minimised interference in the 

sample recovery process. Sample recovery procedures were set out in single-sheet protocol 

forms, that detailed the train preparation and sample recovery steps for each train. These 
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forms were dishibuW to ~sampling staff and were posted at each sample recovery area in the 

field labotatories. 

Sample3 rccovwd typically involved several portions or fractions of various types, 

or intended for various purposes. Samples were preserved and stored under conditions 

m for the sample type. Table C-2 summarixes the preservation and storage 

conditions for various samplea. Sample preservation consisted of adjustment of pH for liquid 

or impinger samples. Most samples were tefrigeratat in the Battelle field facility (4 C), or 

were stomd at room temperature in shipping boxes ready for transfer to the analytical 

laboratory. The Modified Method 5 (Method 23) pardculate fllters were stomd on dry ice in 

the field to maintain the -78 C temperature indicated. 

Although as Table C-2 indicates holding times for the wUected samples were quite 

long, in practice some samples WQc returned to the analytical laboratories immediately after 

wllection by daily express shipment from the plant she. Those samples included Uquid 

samples for anions, VOC, and SVOC, Summa canisters, VOST cartridges, and (when space 

was available) impinger samples from flue gas trains. Other samples were returned to 

BatteIle with the field rbcilities at the end of the study. Chain-of-custody forms accompanied 

aU samples at all times during storage on-site at Niles, and during shipment. A BatteUe staff 

member was designated to serve as Chain-of-Custody officer at Battelle for samples sent 

back or brought back from the field study. That staff member had wmplete wntrol over 

access to samples at Battelle, and distributes) samples to the appropriate analytical staff only 

after cmss-checking of chain-of-custody forms. 

Quality assurance activities in field sampling included wUecting samples of all 

reagent and rinse solutions, including deiortixed water, for use as reagent blanks. Method 

blanks were also collected, by pmparing a complete sampling train, exposing it to the normal 

handling and transport procedures used before and after sampling, and recovering the tram 

without sampling of flue gas. This procedure exposes the train to potential sources of 

background contamination as in normal sampling. In addition, specific QC procedures 
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TABLE C-2. PRESERVATION AND STORAGE REQB 
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AmmotiTminlmphusrAmnw~ NDac 4-c 14 &ya 
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specifk to each of the sampling methods were used. Those specific procedures are described 

briefly below: 

9. Prior to flue gas 

sampling, volumetric gas flow rate data were collected at the flue gas sampling locations, 

using the procedures spdiied in EPA Method 2. Quality control procedures were as 

E 

follows: 

. 

. 

. 

. 

Visually inspect the S-type pitot tube or standard pitot tube before 

and after sampling. 

Leak-check both legs of the pitot tube before and atIer sampling. 

Check the number and location of the sampling traverse points 

before taking measurements. 

Clean and check inlet tubes periodiosUy and clear ash from impact 

aide of pitot tube as necessary. 

. The moisture wntent of 

the gas shram was rkknnined using the technique specified in EPA Method 4. However, 

tbe actual moisture sampling was conducted as part of Methods 23, Method 5, and Method 

29 sampling procedures at the flue gas locations. The following internal QC checks were 

perforfned as part of the moisture demrmbmtions: 

l The volume of impinger contents was measured by weighing to the 

neatest gram before and after sampling. 

l The sampling tram (including impingers) was leak-checked before 

artdaftcreachrun. 

l Ice was mabnained in the ice bath throughout each run. 

l The volume of water in the collection bottle, into which water from the tirst 

impinger was periodically drained, was measured by weighing to the nearest 

gram- 

E 
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Flue C.F m. The following 

pretest QC checks were conducted for all flue gas sampling methods: 

All sampling equipment was thoroughly checked tn ensure clean 

and operable components. 

Equipment was inspected for possible damage from shipment. 

The oil manometer or hfagnehelic gauge used to mcasurc pressure 

across the pitot tube was levelled and zeroed. 

The pitot tubes and connecting tubing wcrc leak checked 

The tempetaturc mwsurement system was visually checked for 

damage and opcrabiity by measuring the ambient tcmpcmture prior 

to each traverse. 

In addition to the general QC procedures listed above, QC procedures specific to 

each sampling method were also incorporated into the sampling scheme. These method- 

specific procedurea are discussed below. 

. EPA Method 29 was used to sample 

for vapor phase and particulate clementa. The following quality control procedures were 

followed: 

l The ttains were assembled in an environment free from 

uncontrolled dust. 

l Each sampling train was visually inspected for proper assembly. 

l All cleaned glassware was kept closed with tightly closed ground 

glass caps or Teflon tape. 

l All filters were stored in a precleaned glass petri dish scaled with 

Teflon tape. 

l FVetcst calculations were performed to determine the proper 

sampling nozzle size 
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l The number and location of the sampling points were checked 

before taking measurements. 

l Tie sampling nozzle was visually inspected. 

l Each leg of the pitot tube was lcak-chccked. 

l The entire sampling train was leak-checked. 

‘Ihe roll and pitch axis of the pitot and the sampling ~nozzle were properly 

maintained. 

The hain was leak-checked before and &ter a run, if the train was 

opened for any -n. and if a filter change tnok place. 

Additional leak-cheeks were conducted if a leak eaceedcd 4 percent 

of the sampling rate, and efforts were made to improve the leak 

tightness of the train. 

The filter was maimained at the proper temperature. 

Ice was kept in the ice bath at all times. 

Proper readings of the dry gas meter, d&a P and delta II, 

tempemture, and pump vacuum were made during sampling at each 

traverse point. Copies of the field operator data sheets are shown 

in Appendix D. 

Isokinetic sampling was maintained within about 15 percent. 

Sample train and field blanks were collected for analysis and 

maintained at approximately 4T. 

l The final meter reading was recorded. 

l Completeness of the data sheet was check&. 

9 A iinal leak-check of the sampling train was done at the maximum 

vacuum observed during the teat. 

l Each leg of pitot tubes was leak-checked. 
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l Recovered train following prescribed procedure& 

for IWhd 23 (Modined 

-. 

The Method 23 trains were assembled in an environment free from 

unwntx&d dust. 

Each sampling tin was visually inspected for proper assembly. 

All quartz filters to be used were muffled and cleaned XALI was prepared. 

Openings of all cleaned glassware and prepared sorbcnt haps were 

closed with ground glass caps or precleaned foil until train 

assembly. 

All filters were stated in a pmcleancd glass petri dish scaled with 

Teflon tape, and enclosed in aluminum foil. 

Pretest calculations were done to determine the proper sampling nozzle size. 

l The number and location of the sampling points wexe checked 

before taking measumnents. 

l The sampling nozzle was visually inspected. 

l Each leg of the pitot tube was leak-checked. 

l The entire sampling train was leak-checked. 

l The Summa canisters were checked for proper vacuum. 

l The roll and pitch axis of the pitot and the sampling nozzle were properly 

maintained. 

l The nain was leak-checked before and after the run, if the train 

was opened, and if a filter change took place 
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Additional leak-checks were conducted if the leak exceeded 4 

percent of the sampling mtc, and steps were taken to improve the 

leak tightness of the train. 

The filter and sorbent hap were maintained at the proper 

tempetatmes. 

Iawaskeptintheicebathatalltimes. 

Proper readings of the dry gas meter, delta P and delta I-I, 

temper&me, and pump vacuum were made during sampling at each 

traverse point. Copies of the field &ta sheets am included in 

Appndix D. 

Isokinetic sampling was maintained within 15 percent. 

Sample hain and field blanks were collected for PAD and 

diOXitl/furan. 

Canister pressure was monitored by means of a pressure gauge throughout 

fdling of the canister. 

l Final mete-r reading was recorded. 

l Completeness of data sheet was checked. 

l Final leak-check of sampling train at maximum vacuum during test 

was done. 

l Fii canister pressure was recorded, and the canister tightly closed. 

l Each leg of pitot tubes was leak-checked. 

l The probe rinses and remaining train were recovered following 

ptrscribed procedures. 

l Nozzle and cap were reattached for neat day and the train was 

storedinadry,safeplace. 

(Cvanide.. Impinger-based sampling procedures were 

used for sampling aldehydes and inorganic compounds. Them methods were conducted at 
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single points in the flue gas sham, isokineticagy ucept for the aldehyde sampling. The 

following general quality wntrol procedures applicable to all these methods were followed: 

l The ttains were assembled in an environment free from 

uncontrolled dust. 

l Each sampling train was visually inspected for proper assembly. 

l Fresh impinger and rinse solutions were prepared. 

l The sampling nozzle was visually inspected. 

l The entire sampling train was lcakchecked. 

l The fdter was maintained at the proper tcmpcmturc. 

l la was maintained in the ice bath at all times. 

l Proper readings of the dry gas meter, delta P and delta H, 

tempetaturc, and pump vacuum during sampling at each naverse 

point wem made. Sampling dam sheets for these methods are 

included in Appendix D. 

l Sample tmin and field blanks were wllected for analysis. 

l Final readings were recorded. 

l Completeness of data sheet was checked. 

l Fii l&-check of sampling trab~ at maximum vacuum during test 

was done. 

l Impinger solutions and rinses were recovered according to prescribed 

procedures. 
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for VqsT . Sampling for volatile organics was 

conducted using a Volatile Organic Sampling Train (VOST). The following am key quaIity 

control procedures followed in the field: 

l VOST glassware was cleaned and assembled. 

l The en& unit was assembled, visually inspected, leak tested, and its operation 

was checked. 

l All VOST traps were cleaned, sealed, and labelled. 

l VOST sorbent haps were kept scaled and stored in a teftigemtor at 4’C. 

l The VOST unit was assembled, minimizing the &ount of time that the sorbcnt 

mpwasopentoti. 

l AvirualinspactionwasmadeandaleaLtestwasmade. 

l Flow rate was monitored. 

l Operation of pmbc heater was monitored. 

l Flow of ice water to condenser was maintained. 

l Sampling time was watched cIoscly, so the sampling intaval was not overrun. 

. Final leak-check was performed. 

l Sorbent traps were scaled immediately upon disassembly of the unit, and stored 

at 4’C until shipment for analysis. 

l The VOST was prepared for its next use. 

c 

.s 

Control P. Volatile elements in flue gas 

were determined by means of a HEST sampler, that used carbon impregnated (CI) filters for 

collection of the metals. Field QC procedures for the HE.ST were as follows: 
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I 

l Lab ID numbers were recorded on the petri dishes in which the quarts and 

carbon impmgmted (CI) filters arc supplied. 

l A clean table arca for loadiig of the HEST filters was prepared. 

l The positions of the one quartz and two CI filters in scrks wcrc recorded as 

they were loaded, and recorded on the sample data sheet with the wrrcspondmg 

lab ID numbers. 

l Both sides of each filter were eaamincd to assure the pmpcr side faced the air 

flow. 

l Teflon-coated tweezers were used in loading the filters. 

l The HEST filter assembly was visually inspected during and after assembly. 

l Both ends of the assembly were sealed, and the entire assembly was then sealed 

in a clean plastic bag. 

l The system was leak tested after attachment of the HEST assembly to the probe. 

l c4mdensatewunotallowedtobpdnvash into the JEST assembly. 

l When inserting the HEST into the duct, cam was taken to avoid sctaping the 

head on theport. 

l A proper seal w-a wnt’irmed between the pmbc and port. 

l Flow rate, sample time, and normal Method 5 sampling parameters were 

recorded. 

l When the assembly was removed from the duct, cart was taken to avoid 

scraping the head on the port. 

. Final leak test wan performed. 

l The HEST was kept vertical while the system was disassembled. 
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l The HEST was sealed, allowed to cool, and the entim. assembly was then sealed 

Into a plastic bag. 

l Filters were kept flat with deposit side up while disassembling the HEST. 

l Filters were placed flat with deposit side up in lab&d petri dishes. 

l Petri dishes were stored flat. 

l Robe and filter chamber were rinsed with acetone and 0. 1N HNQ, and 

combined washes in a labelled sample jar. 

c 

At designated 

sampling locations, particle sire distributions in flue gas were determined by cyclone or 

impactor sampling. The cyclones were inwrporated in the Method 29 and Method 23 trains 

wvered above, and used at Location 4. The following are QC prccedures applicable to 

impactor sampling, which was conducted at Locations 5a and 5b. 

. 
l All impactor stage titters were preweighed. 

l The impactors were assembled in an envimnment free from 

uncontrolled dust. 

l Each unit was visually inspected for proper assembly. 

l LtbeUed petri dishes were prepared for storage of impactor after sampling. 

l Pretest calculations were performed to determine the proper 

sampling nozale size. 

l The sampling nozzle was visually inspected. 

l The entire sampling train was leak-checked. 

l The impactor was allowed to warm to flue gas temperature before 

sampling. 

l Isokinetic sampling was maintained within 10 percent. 
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l Fii leak-check of unit was done at maximum vacuum during test. 

l Impactor was recovered following prescribed procedures. 

l The impactor head was removed from the sampling probe, and sealed for 

transport to a clean disassembly area. 

l Impactor fdtcrs were placed in pm-labelled dishes, and the impactor was cleaned 

for the neat run. 

ContwProcedurrs. The process sampling 

quality wntrol included the following pmxdurcs: 

l The sampling equipment was cleaned and proper sample containers were used. 

l Proper scheduling of sampling times was based on wnsultation with N&s staff. 

l Immedii labelling of all samples was done at the time of collection. 

l Observations wcrc recorded on prcformattcd data sheets. 

l Log-in and chain-of-custody procedures began as soon as samples were returned 

to the field laboratory. 
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APPENDIX D 



In this Appendix, copies are provided of the original field sampling data sheets from 

the SNOX field study. These sheets show the data recorded by the Battelle and Chester staff 

in conducting the flue gas measurements. The data shceu are organizd in the following 

order: 

D-l: 

D-2: 

D-3: 

D-4: 

D-5: 

D-6: 

D-7: 

D-8: 

D-9: 

D-10: 

Modified Method 5 

Multi-Metals 

Anions Train 

Ammonia Train 

Cyanide Train 

Aldehyde Tnin 

VOST Train 

HEST Samples 

Cascade Impactors 

Calculations of Flue Gas Sampling Parameters and 
Particulate Mattex Concentration 

Within each of these sections, the data sheets are presented in order by site and date. 

For example, in Section D-l, data sheets from sites 18, 19, 20, and 21 on July 18 are 

provided, followed by those from sites 18, 19.20, and 21 on July 21. 
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p6: Ahkbvde T&IS 

As noted in Section 3.2.4, no aldehyde samples were taken at Locations 20 and 

21 on July 18, 1993. Those samples were made up by Conducting ‘Wo aldehyde 

sampling runs at those locations on July 23. 
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SNOX. BAGHOUSE INLET,LOCATION 18 

RUN NO. 
TEST DATE 
SAMPLING TIME. 24 HOUR CLOCK FROM 

DN 

TT 

PB 

PM 

VM 

TM 

VMSTD 

w 

VWGAS 

M 

MD 

co2 

02 

co 

N2 

EA 

MWD 

Mw 

CP 

TS 

NP 

TO 

SAMPLING NOZZLE DIAMETER, IN. 

NET TIME OF TEST, MIN. 

BAROMETRIC PRESSURE, IN. HG 

AVG. ORIFICE PRESSURE DROP, 
IN. HZ0 

VOLUME OF DRY GAS SAMPLED AT 
METER CONDITIONS, CF (DRY) 

AVG. GAS METER TEMPERATURE, F 

VOLUME OF DRY GAS SAMPLED AT 
STANDARD CONDITIONS, NCF (DRY) 

TOTAL HZ0 COLLECTED IN IMPINGERS 
AND SILICA GEL, ML 

VOLUME OF H20 VAPOR COLLECTED,NCF 

MOISTURE IN STACK GAS 
BY VOLUME, PERCENT 

MOLE- FRACTION OF DRY GA5 

STACK GAS CO2, VOL PERCENT DRY 

STACK GAS 02, VOL PERCENT DRY 

STACK GAS CO, VOL PERCENT DRY 

STACK GAS N2, VOL PERCENT DRY 

STACK GAS EXCESS AIR, PERCENT 

MOLECULAR WEIGHT OF STACK GAS, 
DRY BASIS 

MOLECULAR WEIGHT OF STACK GAS, 
WET BASIS 

PITOT TUBE COEFFICIENT 

AVG. STACK TEMPERATURE, F 

NET SAMPLING POINTS 

D-214 

1010 
2041 

0.247 

384 

29.60 

2 3 
7/19 7/2,1 

1042 1323 
2030 2055 

0.215 0.215 

364 384 

28.95 29.17 

1.50 1.20 1.00 

256.1 245.5 227.7 

105 110 90 

216.4 200.9 194.5 

473.0 

20.8 

a.77 

0.91 

14.7 

4.0 

0.0 

61.3 

22.9 

30.5 

29.4 

0.85 

397 

45 

550.0 396.0 

24.2 17.4 

10.74 6.22 

0.89 0.92 

14.6 14.3 

4.2 4.5 

0.0 0.0 

81.2 81.2 

24.4 26.6 

30.5 

29.2 

0.85 

395 

43 

30.5 

29.4 

0.85 

399 

42 



SNOX, BAGHOUSE INLET,LOCATION 16 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

PST 

PS 

vs 

As 

QS 

PA 

I 

MF 

CAN 

CAT 

CAN3 

CAT3 

CAW 

TO 

STATIC PRESSURE OF STACK GAS, 
IN. HG. 

STACK GAS ABS. PRESSURE, IN. HG 

STACK GAS VELOCITY AT STACK 
CONDITIONS, FPM 

STACK AREA, SQ. IN. 

STACK GAS VOLUMETRIC FLOW PATE 
AT NORMAL CONDITIONS, NCFM (DRY) 

STACK GAS VOLUMETRIC FLOW FATE 
AT STACK CONDITIONS, ACFM (NET) 

ISOKINETIC RATE, PERCENT 

PARTICULATE MASS--PROBE, CYCLONE, 
AND FILTER, MG 

PARTICULATE LOADING--PROBE, '. 
CYCLONE, AND FILTER AT STACK 02, 
GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/ACF (NET) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/ACF (WET) 

PARTICULATE EMISSIONS--PROBE, 
CYCLONE AND FILTER, LB/HR 

7,119 
1010 
2041 

2 3 
7119 7/21 

1042 1323 
2030 2055 

-0.47 

29.13 

-0.47' 

28.48 

-0.47 

28.70 

3798 3925 3909 

4776. 4776. 4776. 

64209 63612 65404 

125959 

87.5 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 

1301BO 129644 

108.2 101.9 

11764.7 

0.902 

0.441 

0.967 

0.472 

491.59 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 

. 
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SNOX, HAGHOUSE INLET,LOcATION 18 

RUN NO. 
TEST DATE 

VOLUME OF GAS SAMPLED, NCF (DRY) 

MOISTURE FRACTION VOLUME, PERCENT 

AVERAGE STACK TEMPERATURE, F 

STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 

STACK VOLUMETRIC FLOW RATE, ACF'M (NET) 

ISOKINETIC PATE, PERCENT 

EXCESS AIR, PERCENT 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 

PARTICULATE LOADING, 
GR/NCF AT STACK 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT STACK 02 (WET) 

PARTICULATE LOADING, 
GR/NcF AT 3% 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT 3% 02 (WET) 

0.0 

0.000 

0.000 

0.000 

0.000 0.472 

PARTICULATE EMISSIONS, LB/HR 0.0 491.6 

1 2 3 
7110 7/19 7/21 

216.4 200.9 194.5 

8.8 10.7 9.2 

397 395 399 

64208 63612 65404 

125959 130180 129644 

57.5 108.2 101.9 

22.9 24.4 26.6 

11764.7 

0.902 

0.441 

0.967 

0.0 

0.000 

0.000 

0.000 

0.000 

0.0 

D-216 



SNOX, BAGHOUSE INLET,LOCATION 18 

RUN NO. I. 2 
TEST DATE 7/10 7/19 

VOLUME OF GAS SAMPLED, NCM 6.13 5.69 

MOISTURE FRACTION VOLUME, PERCENT 8.8 10.7 

AVERAGE STACK TEMPERATURE, C 202 201 

STACK VOLUMETRIC FLOW RATE, NCMM 1BlB 1801 

STACK VOLUMETRIC FLOW RATE, CMM 3566 3686 

ISOKINETIC RATE,. PERCENT 07.5 108.2 

EXCESS AIR, PERCENT 22.9 24.4 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 0.0 11764.7 

PARTICULATE LOADING, 
MG/NCM AT STACK 02 (DRY) 0.0 2063.5 

PARTICULATE LOADING, 
MG/CM AT STACK 02 (WET) 0.0 1008.3 

PARTICULATE LOADING, 
MG/NCU AT 3% 02 (DRY) 0.0 2211.6 

PARTICULATE LOADING, 
MG/CM AT 3% 02 (WET) 0.0 1080.7 

PARTICULATE EMISSIONS, KG/RR 0.0 223.0 

7/:1 

5.51 

8.2 

203 

1852 

3671 

101.9 

26.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

c 

D-217 
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SNOX, BAGHOUSE INLET, LOCATION 16 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

DN 

TT 

PB 

PM 

VM 

TM 

VMSTD 

VW 

VWGA5 

M 

MD 

co2 

02 

co 

N2 

EA 

MWD 

uw 

CP 

TS 

NP 

TO 

SAMPLING NOZZLE DIAMETER, IN. 

NET TIME OF TEST, MIN. 

BAROMETRIC PRESSURE, IN. HG 

AVG. ORIFICE PRESSURE DROP, 
IN. H20 

VOLUME OF DRY GAS SAMPLED AT 
METER CONDITIONS, CF (DRY) 

AVG. GAS METER TEMPERATURE, F 

VOLUME OF DRY GAS SAMPLED AT 
STANDARD CONDITIONS, NCF (DRY) 

TOTAL HZ0 COLLECTED IN IMPINGERS 
AND SILICA GEL, ML 

VOLUME OF H20 VAPOR COLLECTED,NCF 

MOISTURE IN STACK GAS 
BY VOLUME, PERCENT 

MOLECULAR FRACTION OF DRY GA9 

STACK GAS CO2, VOL PERCENT DRY 

STACK GAS 02, VOL PERCENT DRY 

STACK GAS CO, VOL PERCENT DRY 

STACK GAS N2, VOL PERCENT DRY 

STACK GAS EXCESS AIR, PERCENT 

MOLECULAR WEIGHT OF STACK GAS, 
DRY BASIS 

MOLECULAR WEIGHT OF STACK GAS, 
WET BASIS 

PITOT TUBE COEFFICIENT 

AVG. STACK TEMPERATURE, F 

NET SAMPLING POINTS 

D-218 

4 
7/22 

925 
1709 

0.215 

384 

29.15 

7,253 
918 

1637 

0.215 

384 

29.16 

6 
7/24 

055 
1646. 

0.215 

384 

29.14 

1.50 1.20 1.20 

217.1 229.9 225.3 

115 110 110 

177.5 189.5 195.6 

409.0 324.0 412.0 

18.0 14.2 16.1 

9.20 6.99 8.89 

0.91 0.93 0.91 

15.2 15.8 15.6 

3.5 2.8 3.0 

0.0 0.0 0.0 

81.3 81.4 81.4 

19.5 15.0 16.2 

30.6 30.6 30.6 

29.4 

0.85 

397 

42 

29.8 

0.85 

401 

42 

29.5 

0.85 

391 

42 



SNOX, BAGHOUSE INLET, LOCATION 19 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

PST 

PS 

vs 

As 

QS 

QA 

I 

MF 

CAN ., 

CAT 

CAN3 

CAT3 

CAW 

TO 

STATIC PRESSURE OF STACK GAS, 
IN. HG. 

STACK GAS ABS. PRESSURE, IN. HG 

STACK GAS VELOCI!lY AT STACK 
CONDITIONS, FPM 

STACK AREA, SQ. IN. 

STACK GAS VOLUMFaTRIC FLOW RATE 
AT NORMAL CONDITIONS, NCF?4 (DRY) 

STACK GAS VOLUMETRIC FLOW RATE 
AT STACK CONDITIONS, ACFM (WET) 

ISOKINETIC RATE, PERCENT 

PARTICULATE MASS--PROBE, CYCLONE, 
AND FILTER, MG 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GRfACF (WET) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/ACF (WET) 

PARTICULATE EMISSIONS--PROBE, 
CYCLONE AND F~ILTER, LB/RR 

7,422 
925 

1709 

5 6 
7/23 7124 

918 955 
1637 1646 

-0.47 -0.47 -0.47 

28.68 28.69 28.67 

3765 3750 3688 

4776. 4776. 4776. 

62417 63397 61742 

124883 124372 122325 

97.4 102.4 103.0 

9879.6 0.0 

0.000 

0.000 

0.000 

0.000 

11916.6 

0.857 

0.428 

0.882 

0.441 

450.48 

0.989 

0.499 

0.989 

0.499 

0.00 523.10 

i 
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. . I 

SNOX, BAGHOUSE INLET, LOCATION 18 

,_ 
7122 

VOLUME OF GAS SAMPLED, NCF (DRY) 177.5 

MOISTURB FRACTION VOLUME, PERCENT 9.2 

AVERAGE STACK TEMPERATURE, F 397 

STACK VOLDMETRIC FLOW RATE, NCFM (DRY) 62417 

STACK VOLUMETRIC FLOW RATE, ACFM (WET) 124883 

ISOKINETIC RATE, PERCENT 97.4 

EXCESS AIR, PERCEm 19.5 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 

PARTICULATE LOADING, 
GR/NCF AT STACK 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT STACK 02 (WET) 

PARTIC!DIJ+TE LOADING, 
GR/NCF AT 3% 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT 31 02 (WET) 

PARTICULATE EMISSIONS, LB/RR 

9879.6 

0.857 

0.428 

0.882 

0.441 

458.5 

5 6 
l/23 l/24 

189.5 185.6 

7.0 8.9 

401 391 

63397 61742 

124372 122325 

102.4 103.0 

15.0 16.2 

0.0 

0.000 

0.000 

0.000 

0.000 

11916.6 

0.989 

0.~499 

0.989 

0.499 

0.0 523.1 

D-220 



J 

SNOX, BAGHOUSE INLET, LOCATION 18 

RUNNO. 
TEST DATE 

VOLUME OF GAS SAMPLED, NCM 

MOISTURE FRACTION VOLUME, PERCENT 

AVERAGE STACK TEMPERATURE, C 

STACK VOLUMETRIC FLOW RATE, NCMM 

STACK VOLUMBTRIC FLOW RATE, CKM 

ISOKINETIC RATE, PERCENT 

EXCESS AIR, PERCENT‘ 

4 5 6 
7122 7123 7/24 

5.03 5.37 5.26 

9.2 7.0 8.9 

202 205 199 

1767 1795 1741 

3536 3521 3463 

97.4 102.4 103.0 

19.5 15.0 16.2 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 9879.6 

PARTICULATB LOADING, 
UG/NCM AT STACK 02 (DRY) 1961.4 

PARTICULATE LOADING, 
MG/CM AT STACK 02 (WET) 980.3 

PARTICULATE LOADING, 
MG/NCM AT 3% 02 (DRY) 2017.8 

PARTICULATE LOADING, 
MG/CM AT 3% 02 (WET) 1008.4 

PARTICULATE EMISSIONS, KG/HR 208.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

11916.6 

2262.3 

1141.8 

2262.3 

1141.8 

237.3 

D-221 



SNOX, BAGHOUSE OUTLET, LOCATION 19 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

DN 

TT 

PB 

PM 

SAMPLING NOZZLE DIAMETER, IN. 

NET TIME OF TEST, MIN. 

BAROMETRIC PRESSURE. IN. HG 

AVG. ORIFICE PRESSURE DROP, 
IN. H20 

VM 

TM 

VMSTD 

VW 

VWGAS 

M 

VOLUME OF DRY GAS SAMPLED'AT 
METER CONDITIONS, CF (DRY) 

AVG. GAS METER TEMPERATURE, F 

VOLUME OF DRY GAS SAMPLED AT 
STANDARD CONDITIONS, NCF (DRY) 

TOTAL H20 COLLECTED IN IMPINGERS 
AND SILICA GEL, ML 

VOLUME OF HZ0 VAPOR COLLECTED,NCF 

MD 

co2 

02 

co 

N2 

EA 

Mm 

MOISTURE IN STACK GAS 
BY VOLUME, PERCENT 

MOLECULAR FRACTION OF DRY GAS 

STACK GAS CO2, VOL PERCENT DRY 

STACK GAS 02, VOL PERCENT DRY 

STACK GAS CO, VOL PERCENT DRY 

STACK GAS N2, VOL PERCENT DRY 

STACK GAS EXCESS AIR, PERCENT 

MOLECULAR WEIGHT OF STACK GAS, 
DRY BASIS 

t4w MOLECULAR WEIGHT OF STACK GAS, 
WET BASIS 

CP PITOT TUBE COEFFICIENT 

TS AVG. STACK TEMPERAmE, F 

NP NET SAMPLING POINTS 

TO 

1 2 3 
7/18 7/19 -J/21 

1020 958 1308 
1810 1840 1925 

0.247 0.247 0.247 

380 ,480 367 

29.15 28.95 29.11 

1.60 0.90 1.50 

258.4 325.3 237.4 

95 97 102 

221.8 

490.0 

21.5 

8.85 

0.91 

14.0 

4.8 

0.0 

81.2 

28.9 

30.4 

29.3 

0.85 

383 

48 

273.1 201.0 

715.0 

31.4 

411.0 

18.1 

10.32 8.25 

0.90 0.92 

14.6 14.5 

4.2 4.3 

0.0 0.0 

81.2 81.2 

24.4 25.1 

30.5 

29.2 

0.85 

376 

49 

30.5 

29.5 

0.85 

378 

48 

D-222 



SNOX, BAGHOUSE OUTLET, LOCATION 19 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

PST 

PS 

vs 

As 

QS 

QA 

I 

MF 

CAN 

CAT 

CAN3 

CAT3 

CAW 

TO 

STATIC PRESSURE OF STACK GAS, 
IN. HG. 

STACK GAS ABS. PRESSURE, IN. HG 

STACK GAS VELOCITY AT STACK 
CONDITIONS, FFM 

STACK AREA, SQ. IN. 

STACK GAS VOLUMETRIC FLOW RATE 
AT NORMAL CONDITIONS, NCFM (DRY) 

STACK GAS VOLUMETRIC FLOW BATE 
AT STACK CONDITIONS, ACFM (WET) 

ISOKINETIC RATE, PERCENT 

PARTICULATE MASS--PROBE, CYCLONE, 
AND FILTER, MG 

PARTICULATB LGADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/NCF (DRY) 

PARTICULATE LOAUING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/ACF (WET) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 35 02, 

GR/ACF (NET) 

PARTICULATE EMISSIONS--PROBE, 
CYCLONE AND FILTER, LB/FE? 

1 2 3 
7/1a 7/19 7/21 

1020 958 1308 
1810 1840 1925 

-0.44 -0.44 -0.44 

20.11 28.51 28.67 

: 3437 3425 3340 

4776. 4776. 4776. 

58212 57145 

113996 113691 

99.9 99.2 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 

21.3 

0.001 

0.001 

0.001 

0.001 

0.59 

57177 

110768 

95.5 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 



. 

SNOX, BAGHOUSE OUTLET, LOCATION 19 

RUN NO. 1 
TEST DATE 7/18 

VOLUME OF GAS SAMPLED, NCF (DRY) 221.8 

MOISTURF, FRACTION VOLUME, PERCENT 8.9 

AVERAGE STACK TEMPERATURE, F 383 

STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 58212 

STACK VOLUMETRIC FLOW RATE, ACFM (WET) 113996 

ISOKINETIC RATE, .PERCENT 

EXCESS AIR, PERCENT 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 

PARTICULATE LOADING, 
GR/NCF AT STACK 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT STACK 02 (WET) 

PARTICULATE LOADING, 
GR/NCF AT 35 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT 3% 02 (WET) 

PARTICULATE EMISSIONS, LB/HR 

99.9 

28.9 

0.0 

0.000 

0.000 

0.000 

0.000 

0.0 

2 3 
7/19 7/21 

273.1 201.0 

10.3 8.3 

376 378 

57145 57177 

113691 110768 

99.2 95.5 

24.4 25.1 

21.3 

0.001 

0.001 

0.001 

0.001 

0.6 

0.0 

0.000 

0.000 

0.000 

0.000 

0.0 
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sNOX, BAGROUSE OUTLET, LOCATION 19 

RUN NO. 
TEST DATE 

VOLUME OF GAS SAMPLED, NCM 6.20 

MOISTURE FRACTION VOLUME, PERCENT 8.9 

AVERAGE STACK TEMPERATURE, C 195 

STACK VOLUMETRIC FLOW RATE, NCMM 1648 

STACK VOLUMETRIC FLOW RATE, CMM 3228 

ISOKINETIC RATE, PERCENT 99.9 

EXCESS AIR, PERCENT 28.9 

PARTICULATE MASS - PROBE,CYC,FILTER CATCR, 

MG 

PARTICULATE LOADING, 
MG/NCM AT STACK 02 (DRY) 

PARTICULATE LOADING, 
UG/CM AT STACK 02 (WET) 

PARTICULATE LOADING, 
MG/NCM AT 3% 02 (DRY) 

PARTICULATE LOADING, 
MG/CM AT 3% 02 (WET) 

PARTICULATE EMISSIONS, KG/RR 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

,. 
7/;9 

7.73 

10.3 

191 

1618 

3219 

99.2 

24.4 

21.3 

2.7 

1.4 

2.9 

1.5 

0.3 

3 
7/21 

5.69 

8.3 

192 

1619 

3136 

95.5 

25.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

i 

D-225 
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SNOX, BAGHOUSE OUTLET, LOCATION 19 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

DN 

TT 

PB 

PM 

VM 

TM 

VMSTE 

VW 

VWGAS 

M 

MD 

co2 

02 

co 

N2 

EA 

MWD 

Mw 

CP 

TS 

NP 

TO 

SAMPLING NOZZLE DIAMETER, IN. 

NET TIME OF TEST, MIN. 

BAROMETRIC PRESSURE, IN. HG 

AVG. ORIFICE PRESSURE DROP, 
IN. H20 

VOLUME OF DRY GAS SAMPLED AT 
METER CONDITIONS, CF (DRY) 

AVG. GA5 METER TEMPERATURE, F 

VOLUME OF DRY GAS SAMPLED AT 
STANDARD CONDITIONS, NCF (DRY) 

TOTAL H20 COLLECTED IN IMPINGERS 
AND SILICA GEL, ML 

VOLLIME OF H20 VAPOR COLLECTED,NCF 

MOISTURE IN STACK GAS 
BY VOLUME, PERCENT 

MOLECULAR FRACTION OF DRY GAS 

STACK GAS CO2, VOL PERCENT DRY 

STACK GAS 02, VOL PERCENT DRY 

STACK GAS CO, VOL PERCENT DRY 

STACK GAS N2. VOL PERCENT DRY 

STACK GAS EXCESS AIR, PERCENT 

MOLECULAR WEIGHT OF STACK GAS, 
DRY BASIS 

MOLECULAR WEIGHT OF STACK GAS, 
WET BASIS 

PITOT TUBE COEFFICIENT 

AVG. STACK TEMPERATURE, F 

NET SAMPLING POINTS 

D-226 

4 5 6 
7/22 7/23 7/24 

907 901 900 
1750 1514 1702 

0.247 0.247 0.247 

480 360 460 

29.20 29.16 29.14 

1.50 1.60 1.50 

307.2 233.3 313.6 

100 100 105 

261.8 196.6 261.6 

613.0 331.0 606.0 

27.0 14.6 26.6 

9.34 

0.91 

14.7 

4.0 

0.0 

81.3 

22.9 

30.5 

29.3 

0.85 

380 

47 

6.89 9.24 

0.93 0.91 

14.7 14.3 

4.0 4.5 

0.0 0.0 

91.3 81.2 

22.9 26.6 

30.5 

29.7 

0.85 

381 

48 

30.5 

29.3 

0.85 

380 

50 



SNOX, BAGHOUSE OUTLET, LOCATION 19 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

PST 

PS 

vs 

As 

QS 

QA 

I 

MF 

CAN 

CAT 

CAN3 

CAT3 

CAW 

TO 

STATIC PRESSURE OF STACK GAS, 
IN. HG. 

STACK GAS ABS. PRESSURE, IN. HG 

STACK GAS VELOCITY AT STACK 
CONDITIONS, FPM 

STACK AREA, SD. IN. 

STACK GAS VOLUMETRIC FLOW FATE 
AT NORMAL CONDITIONS, NCFM (DRY) 

STACK GAS VOLUMETRIC FLOW RATE 
AT STACK CONDITIONS, ACFM (WET) 

ISOKINETIC RATE, PERCENT 

PARTICULATE MASS--PROBE, CYCLONE, 
AND FILTER, MG 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/ACF (WET) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/ACF (WET) 

PARTICULATE EMISSIONS--PROBE, 
CYCLONE AND FILTER, LB/HR 

7,:2 
907 

1750 

5 6 
7/23 7/24 

901 900 
1514 1702 

-0.44 -0.44 -0.44 

28.76 28.72 28.70 

3316 3288 3306 

4776. 4776. 4776. 

56136 56981 55895 

109977 

96.8 

109038 

95.5 

0.0 

0.000 

0.000 

109649 

97.2 

42.6 276.0 

0.003 

0.001 

0.016 

0.008 

0.003 0.000 0.019 

0.001 0.000 0.009 

1.21 0.00 7.78 

i 

D-221 



SNOX, BAGHOUSE OUTLET, LOCATION 19 

RUN NO. 
TEST DATE 7,422 

VOLUME OF GAS SAMPLED, NCF (DRY) 261.8 

MOISTURE FRACTION VOLUME, PERCENT 9.3 

AVERAGE STACK TEMPERATURE, F 380 

STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 56136 

STACK VOLUMETRIC FLOW RATE, ACFM (WET) 109977 

ISOKINETIC RATE, PERCENT 96.0 

EXCESS AIR, PERCENT 22.9 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 

PARTICULATE LOADING, 
GR/NCF AT STACK 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT STACK 02 (WET) 

PARTICULATE LOADING, 
GR/NCF AT 35 02 (DRY) 

42.6 

0.003 

0.001 

0.003 

PARTICULATE LOADING, 
GR/ACF AT 3% 02 (WET) 0.001 

PARTICULATE EMISSIONS, LB/HR 1.2 

5 6 
7/23 7/24 

196.6 261.6 

6.9 9.2 

381 3.90 

56981 55895 

109038 109649 

95.5 97.2 

22.9 26.6 

0.0 276.0 

0.000 0.016 

0.000 

0.000 

0.000 

0.0 

0.008 

0.018 

0.009 

7.0 
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SNOX, BAGHOUSE OUTLET, LOCATION 19 

RDN NO. 
TEST DATE 

VOLUME OF GAS SAMPLED, NCM 

MOISTURE FRACTION VOLUME, PERCENT 

AVERAGE STACK TEMPERATURE, C 

STACK VOLUMETRIC FLOW RATE, NCMM 

STACK VOLUMETRIC FLOW RATE, CMM 

ISOKINETIC RATE;PERCBNT 

EXCESS AIR, PERCENT 

71422 7,:3 

7.41 5.57 

9.3 6.9 

193 193 

1589 1613 

3114 3087 

96.8 95.5 

22.9 22.9 

PARTICULATE MASS - PROBE,C!YC.FILTFiR CATCH, 

MO 

PARTI-TE LOADING, 

42.6 

MG/NCM AT STACK 02 (DRY) 5.7 

PARTICULATE LOADING, 
MO/CM AT STACK 02 (WET) 2.9 

PARTICULATE LOADING, 
MG/NCM AT 35 02 (DRY) 6.1 

PARTICULATE LOADING, 
MG/CM AT 3% 02 WET1 3.1 

PARTICULATE EMISSIONS, KG/HR 0.5 

0.0 276.0 

0.0 37.2 

0.0 

0.0 40.6 

0.0 

0.0 

6 
7124 

7.41 

9.2 

193 

1582 

3104 

97.2 

26.6 

18.9 

20.7 

3.5 

i 
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SNOX, SCR OUTLET, LOCATION 20, MULTI-METALS 

RL?N NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

TO 

DN 

TT 

PB 

PM 

VM 

TM 

VMSTD 

VW 

VWGAS 

vl 

m 

co2 

12 

'30 

li2 

'3 

MWE 

Mw 

,‘P 

‘S 

NP 

SAMPLING NOZZLE DIAMETER, IN. 

NET TIME OF TEST, MIN. 

BAROMETRIC PRESSURE, IN. HG 

AVG. ORIFICE PRESSURE DROP, 
IN. H20 

VOLUME OF DRY GAS SAMPLED AT 
METER CONDITIONS, CF (DRY) 

AVG. GAS METER TEMPERATURE, F 

VOLUME OF DRY GAS SAMPLED AT 
STANDARD CONDITIONS, NCF (DRY) 

TOTAL H20 COLLECTED IN IMPINGERS 
AND SILICA GEL, ML 

VOLUME OF H20 VAPOR COLLECTED,NCF 

MOISTURE IN STACK GAS 
BY VOLUME, PERCENT 

MOLECULAR FRACTION OF DRY GAS 

STACK GAS CO2, VOL PERCENT DRY 

STACK GAS 02, VOL PERCENT DRY 

STACK GAS CO, VOL'PERCENT DRY 

STACK GAS N2, VOL PERCENT DRY 

STACK GAS EXCESS AIR, PERCENT 

MOLECULAR WEIGHT OF STACK GAS, 
DRY BASIS 

MOLECULAR WEIGHT OF STACK GAS, 
WET BASIS 

PITOT TUBE COEFFICIENT 

AVG. STACK TEMPERATURE, F 

NET SAMPLING POINTS 
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1 2 3 
7/19 7/22 7/24 

1008 908 902 
2040 1746 1736 

0.441 0.440 0.441 

360 480 480 

29.10 29.38 29.35 

0.90 1.42 1.20 

190.6 326.2 291.4 

105 108 107 

164.2 282.7 252.5 

420.4 629.2 543.9 

18.5 27.7 23.9 

10.12 8.91 8.65 

0.90 0.91 0.91 

13.0 13.0 13.0 

6.0 6.0 6.0 

0.0 0.0 0.0 

81.0 81.0 81.0 

39.0 39.0 39.0 

30.3 30.3 30.3 

29.1 29.2 29.3 

0.84 0.84 0.84 

656 664 664 

72 95 96 



SNOX, SCR OUTLET, LOCATION 20, MULTI-METALS 

PST 

PS 

VF 

As 

QS 

QA 

I 

MF 

CAN 

CAT 

CAN3 

CAT3 

CAW 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

TO 

STATIC PRESSURE OF STACK GAS, 
IN. HG. 

STACK GAS Z&S. PRESSURE, IN. HG 

STACK GAS VELOCITY AT STACK 
CONDITIONS, FPM 

STACK AREA, SQ. IN. 

STACK GAS VOLUMETRIC FLOW RATE 
AT NORMAL CONDITIONS, NCFM (DRY) 

STACK GAS VOLUMETRIC FLOW RATE 
AT STACK CONDITIONS, ACFM (WET) 

ISOKINETIC RATE, PERCENT 

PARTICUUTE MASS--PROBE, CYCLONE, 
AND FILTER, MG 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/ACF (WET) 

PARTICLILATE LOADING--PROBE, 
CYCLONE, AND FILTSR AT 35 02. 

GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 32 02, 

GR/ACF (WET) 

PARTICULATE EMISSIONS--PROBE, 
CYCLONE AND FILTER, LB/HR 

1 2 3 
7/19 7/22 7/24 

1008 908 902 
2040 1746 1736 

1.25 1.25 1.18 

30.35 30.63 30.53 

1124 1408 1304 

34560. 34560. 34560. 

108361 137904 127759 

269641 337900 313065 

95.3 97.1 93.2 

1356.1 1651.5 2140.4 

0.127 0.090 0.131 

0.051 0.037 0.053 

0.153 0.108 0.157 

0.061 0.044 0.064 

118.09 106.33 142.91 

F 
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SNOX, SCR OUTLET. LOCATION 20, MULTI-METALS 

RUN NO. 
TEST DATE 

1 2 3 
7/19 7/22 7/2,4 

VOLUME 0~ GAS SAMPLED, NCF (DRY) 164.2 282.7 252.5 

MOISTURF, FRACTION VOLUME, PERCENT 10.1 8.9 8.7 

AVERAGE STACK TEMPERATURE, F 656 664 664 

STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 108361 137904 127759 

STACK VOLUMETRIC FLOW RATE, ACFM (WFiT) 269641 337900 313065 

ISOKINETIC RATE; PERCENT 95.3 97.1 93.2 

EXCESS AIR, PERCENT 39.0 39.0 39.0 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 

PARTICULATE LOADING, 
GR/NCF AT STACK 02 (DRY) 

PARTICULATE LOADING, 
GR/+CF AT STACK 02 WET) 

PARTICULATE LOADING, 
GR/NCF AT 3% 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT 3% 02 (WET) 

PARTICULATE EMISSIONS, LB/HR 

1356.1 1651.5 2140.4 

0.127 0.090 0.131 

0.051 0.037 0.053 

0.153 0.108 0.157 

0.061 0.044 0.064 

118.1 106.3 142.9 
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SNOX, SCR OUTLET, LOCATION 20, MULTI-METALS 

RUN NO. 1 
TEST DATE 7/19 

VOLUME OF GAS SAMPLED, NCM 4.65 

MOISTURE FRACTION VOLUME, PERCENT 10.1 

AVERAGE STACK TEMPERATURE, C 346 

STACK VOLUMETRIC FLOW RATE, NCMM 3068 

STACK VOLUMETRIC FLOW RATE, CMM 7635 

ISOKINETIC RATE, PERCENT 95.3 

EXCESS AIR, PERCENT 39.0 

PARTICULATE MASS - PROBE,CIC,FILTBR CATCH, 

MG 

PARTICULATB LOADING, 

1356.1 

m/m4 AT STACK 02 (DRY) 291.0 

PARTICULATE LOADING, 
MG/CM AT STACK 02 (WET) 116.9 

PARTICULATE LOADING, 
m/m4 AT 3% 02 (DRY) 349.6 

PARTICULATE LOADING, 
MG/CM AT 32 02 (WET) 140.5 

PARTICULATE EMISSIONS, KG/HR 53.6 

2 
7/22 

8.01 

8.9 

351 

3905 

9568 

97.1 

39.0 

1651.5 2140.4 

205.9 

84.0 

247.3 358.8 

100.9 146.4 

48.2 64.6 

7,:4 

7.15 

8.7 

351 

3617 

8865 

93.2 

39.0 

298.7 

121.9 
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SNOX, SCR OUTLET, LOCATION 20, MODIFIED METHOD 5 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

TO 

DN 

TT 

PB 

PM 

VM 

TM 

VMSTD 

VW 

VWGAS 

M 

MD 

co2 

02 

co 

N2 

EA 

MWD 

Mw 

CP 

TS 

NP 

SAMPLING NOZZLE DIAMETER, IN. 

NET TIME OF TEST, MIN. 

BAROMETRIC PRESSURE, IN. HG 

AVG. ORIFICE PF.FiSSUF.E DROP, 
IN. H20 

VOLUME OF'DRY GAS SAMPLED AT 
METER CONDITIONS, CF (DRY) 

AVG. GAS METER TEMPERATURE, F 

VOLUME OF DRY GAS SAMPLED AT 
STANDARD CONDITIONS, NCF (DRY) 

TOTAL H20 COLLECTED IN IMPINGERS 
AND SILICA GEL, Mt 

VOLUME OF H20 VAFOR COLLECTED,NCF 

MOISTURE IN STACK GAS 
BY VOLUME, PERCENT 

MOLECULAR FRACTION OF DRY GAS 

STACK GAS C02, VOL PERCENT DRY 

STACK GAS 02, VOL PERCENT DRY 

STACK GAS CO, VOL PERCENT DRY 

STACK GAS NZ. VOL PERCENT DRY 

STACK GAS EXCESS AIR, PERCENT 

MOLECULAR WEIGHT OF STACK GAS, 
DRY BASIS 

MOLECULAR WEIGHT OF STACK GAS, 
WET BASIS 

PITOT TUBE COEFFICIENT 

AVG. STACK TEMPERATURE. F 

NET SAMPLING POINTS 
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1 2 3 
1110 7/21 7/23 

1030 1300 904 
1940 19 1543 

0.448 0.441 0.441 

360 360 360 

29.30 29.20 29.30 

1.26 0.90 1.10 

217.6 198.2 205.1 

110 104 106 

187.3 172.2 178.2 

414.3 356.2 366.5 

18.2 15.7 16.1 

8.06, 8.34 0.29 

0.91 0.92 0.92 

13.0 12.5 12.1 

6.0 6.5 7.0 

0.0 0.0 0.0 

81.0 81.0 00.9 

39.0 43.7 48.6 

30.3 30.3 30.2 

29.2 29.2 29.2 

0.84 0.84 0.84 

668 663 558 

4 4 4 



. 

SNOX, SCR OUTLET, LOCATION 20, MODIFIED METHOD 5 

PST 

PS 

vs 

As 

QS 

QA 

I 

MF 

CAN 

CAT 

CAN3 

CAT3 

CAW 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

TO 

STATIC PRESSURE OF STACK GAS, 
IN. HG. 

STACK GAS ABS. PRESSURE, T.N. HG 

STACK GAS VELOCITY AT STACK 
CONDITIONS, FPM 

STACK AREA, SQ. IN. 

STACK GAS VOL'UMETRIC FLOW RATE 
AT NORMAL CONDITIONS, NcFM (DRY) 

STACK GAS VOLUMETRIC FLOW RATE 
AT STACK CONDITIONS, ACFM (WET) 

ISOKINETIC RATE, PERCENT 

PARTICULATE MASS--PROBE, CYCLONE, 
AND FILTER, MG 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/ACF (WRT) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02. 

GR/ACF (WET) 

PARTICULATE EMISSIONS--PROBE, 
CYCLONE AND FILTER, LB/HR 

1 
7/18 

1030 
1940 

3 
7/23 

904 
1543 

1.25 1.25 1.10 

30.55 30.53 30.48 

1402 1106 1263 

34560. 34560. 35460. 

136558 108771 

336507 

83.5 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 

265429 

99.5 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 

140443 

311030 

81.8 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 
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SNOX, SCR OUTLET, LOCATION 20, MODIFIED METHOD 5 

RUN NO. 
TEST DATE 

VOLUME OF GAS SAMPLED, NCF (DRY) 

MOISTDRR FRACTION VOLUME, PERCENT 

AVERAGE STACK TEMPERATURE, F 

STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 

STACK VOLUMETRIC FLOW RATE, ACFM (WET) 

ISOKINETIC RATE,, PERCENT 

EXCESS AIR, PERCENT 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 

PARTICUlATE LOADING, 
GR/NCF AT STACK 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT STACK 02 (WET) 

PARTICULATE LOADING, 
GR/NCF AT 35 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT 3% 02 (WET) 

PARTICULATE EMISSIONS, LB/HR 

1 2 3 
7/18 7121 7/23 

187.3 172.2 178.2 

8.9 8.3 8.3 

668 663 558 

136558 109771 140443 

336507 265429 311030 

83.5 99.5 81.8 

39.0 43.7 48.8 

0.0 

0.000 

0.000 

0.000 

0.000 

0.0 

0.0 

0.000 

0.000 

0.000 

0.000 

0.0 

0.0 

0.000 

0.000 

0.000 

0.000 

0.0 
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SNOX, SCR OUTLET, LOCATION 20, MODIFIED METHOD 5 

RUN NO. 
TEST DATE 

VOLUME OF GAS SAMPLED, NCM 

MOISTURE FRACTION VOLUME, PERCENT 

AVERAGE STACK TEMPERATURE, C 

STACK VOLUMETRIC FLOW RATE, NCMM 

STACK VOLUMETRIC FLOW RATE, CMM 

ISOKINETIC RATE;.PERCENT 

EXCESS AIR, PERCENT 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 

PARTICULATE LOADING, 
MG/NCM AT STACK 02 (DRY) 

PARTICULATE LOADING, 
MG/CM AT STACK 02 (WET) 

PARTICULATE LOADING, 
MG/NCM AT 3% 02 (DRY) 

PARTICULATE LOADING, 
MG/CM AT 3% 02 (WET) 

PARTICULATE EMISSIONS, KG/RR 

1 2 3 
7110 7/21 7/23 

5.30 4.88 5.05 

8.9 8.3 6.3 

353 350 292 

3066 3080 3976 

9528 7516 8807 

83.5 99.5 81.8 

39.0 43.7 48.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

P 

- 
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SNOX, CONDENSER OUTLET, LOCATION 21, MODIFIED METHOD 

DN 

TT 

PB 

PM 

VM 

Tu 

VUSTD 

VW 

VWGAS 

M 

MD 

co2 

02 

co 

N2 

EA 

UWD 

Mw 

CP 

TS 

NP 

RUN NO 
TEST iJATE 
SAMPLING TIME. 24 HOUR CLOCK FROM 

TO 

SAMPLING NOZZLE DIAMETER, IN. 

NET TIME OF TEST, MIN. 

BAROMETRIC PRESSURE, IN. HG 

AVG. ORIFICE PRESSURE DROP, 
IN. H20 

VOLUME OF DRY GAS SAMPLED AT 
METER CONDITIONS, CF (DRY) 

AVG. GAS METER TEMPERATURE, F 

VOLUME OF DRY GAS SAMPLED AT 
STANDARD CONDITIONS, NCF (DRY) 

TOTAL HZ0 COLLECTED IN IMPINGERS 
AND SILICA GEL, ML 

VOLUME OF'H20 VAPOR COLLECTED,NCF 

MO1STlJF.E IN STACK GAS 
BY VOLUME, PERCENT 

MOLEClJUR FRACTION OF DRY GAS 

STACK GAS CO2, VOL PERCENT DRY 

STACK GAS 02, VOL. PERCENT DRY 

STACK GAS.CO, VOL PERCENT DRY 

STACK GAS N2, VOL PERCENT DRY 

STACK GAS EXCESS AIR, PERCENT 

MOLECULAR WEIGHT OF STACK GAS, 
DRY BASIS 

MOLECULAR WEIGHT OF STACK GAS, 
WET BASIS 

PITOT TUBE COEFFICIENT 

AVG. STACK TEMPERATURE, F 

NET SAMPLING POINTS 
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1 
7/18 

1015 
1925 

0.197 

357 

29.30 

5 

7/k 
1300 
1934 

0.197 

364 

29.28 

7,:3 
904 

1525 

0.195 

364 

29.38 

l.lE 1.29 1.24 

228.9 

108 

233.3 241.1 

103 105 

191.5 196.8 

373.1 

16.4 

389.6 

17.1 

7.89 

0.92 

13.8 

5.0 

0.0 

81.2 

30.4 

30.4 

29.4 

0.84 

197 

4 

8.01 

0.92 

12.1 

7.0 

0.0 

80.9 

48.7 

30.2 

29.2 

0.84 

197 

4 

198.9 

383.3 

16.9 

7.81 

0.92 

13.8 

5.0 

0.0 

81.2 

30.4 

30.4 

29.4 

0.84 

199 

4 



SNOX, CONDENSER ODTUT, LOCATION 21, MODIFIED METHOD 5. 

PST 

PS 

vs 

As 

QS 

QA 

I 

MF 

CAN 

CAT 

CAN3 

CAT3 

CAW 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

TO 

STATIC PRESSURE OF STACX GAS, 
IN. HG. 

STACK GAS ABS. PRESSURE, IN. HG 

STACK GAS VELOCITY AT SlACK 
CONDITIONS, FPM 

STACK AREA, SQ. IN. 

STACK GAS VOLUMETRIC FLOW RATE 
AT NORMAL CONDITIONS, NCFM (DRY) 

STACK GAS VOLUMETRIC FLOW RATE 
AT STACK CONDITIONS, ACFM WET) 

ISOKINETIC FATE, PERCENT 

PARTICULATE MASS--PROBE. CYCLONE, 
AND FILTER, MG 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/ACF (WET) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/ACF (WET) 

PARTICULATE EMISSIONS--PROBE, 
CYCLONE. AND FILTER, LB/HR 

1 2 3 
7/18 7/21 7/23 

1015 1300 904 
1925 1934 1525 

0.07 0.06 0.05 

ii.37 29.34 29.43 

3753 3934 3838 

4032. 4032. 4032. 

71179 

105081 

99.7 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 

74443 

110150 

96.1 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 

72790 

107473 

101.3 

0.0 

0.000 

0.000 

0.000 

0.000 

0.00 

L 
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SNOX, CONDENSER 
RUN NO. TEST DATL 

VOLUME OF GAS SAMPLED, 
MOISTURE FRACTION 
AVERAGE STACK TEMPERATURE, 
STACK VOLUMETRIC 
STACK VOLUMETRIC 
ISOKINETIC RATE, 
EXCESS AIR, PERCENT 



c 

SNOX, CONDENSER OUTLET, LOCATION 21, MODIFIED METHOD 5 

RLlN NO. 
TEST DATE 

VOLUME OF GAS SAMPLED, NCM 5.42 

MOISTURE FRACTION VOLUME, PERCENT 7.9 

AVERAGE STACK TEMPERATURE, C 91 

STACK VOLUMETRIC FLOW RATE, NCMM 2015 

STACK VOLUMETRIC FLOW RATE, CMM 2975 

ISOKINETIC RATE, PERCENT 99.7 

EXCESS AIR, PERCENT 30.4 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 

PARTICULATE LOADING, 
MG/NCM AT STACK 02 (DRY) 

PARTICULATE LOADiNG, 
MG/CM AT STACK 02 (WET) 

0.0 

0.0 

0.6 

0.0 

0.0 

0.0 

PARTICULATE LOADING, 
MG/NCM AT 31 02 (DRY) 

PARTICULATE LOADING, 
MG/CM AT 3% 02 (WET) 

PARTICULATE EMISSIONS, KG/RR 

7/:1 7,:3 

5.57 5.63 

8.0 7.8 

91 92 

2108 2061 

3119 3043 

96.1 101.3 

40.1 30.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
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SNOX, CONDENSER OUTLET, LOCATION 21, MULTI-METALS 

DN 

TT 

PB 

PM 

VM 

TM 

VMSTD 

VW 

VWGAS 

M 

MD 

co2 

02 

co 

NZ 

EA 

MWD 

Mw 

?P 

l-S 

NP 

RUN NO. 
TEST DATE 
SAMPLING TIME. 24 HOUR CLOCK FROM 

TO 

SAMPLING NOZZLE DIAMETER, IN. 

NET TIME OF TEST, MIN. 

BAROMETRIC PRESSURE, IN. HG 

AVG. ORIFICE PRESSDF.E DROP, 
IN. HZ0 

VOLUME Ok DRY GAS SAMPLED AT 
mTER CONDITIONS, CF (DRY) 

AVG. GAS METER TEMPERATDRB, F 

VOLUME OF DRY GAS SAMPLED AT 
STANDARD CONDITIONS, NCF (DRY) 

TOTAL H2O COLLECTED IN IMPINGERS 
AND SILICA GEL, ML 

VOLLJME OF HZ0 VAPOR COLLECl'FiD,NCF 

MOISTURE IN STACK GAS 
BY VOLUME, PERCENT 

MOLECULAR FRACTION OF DRY GAS 

STACK GAS COZ. VOL PERCENT DRY 

STACK GAS 02, VOL PERCENT DRY 

STACK GAS CO, VOL PERCENT DRY 

STACK GAS NZ. VOL PERCENT DRY 

STACK GAS EXCESS AIR, PERCENT 

MOLECULAR WEIGHT OF STACK GAS. 
DRY BASIS 

MOLECULAR WEIGHT OF STACK GAS, 
WET BASIS 

PITOT TUBE COEFFICIENT 

AVG. STACK TEMPERATURE. F 

NET SAMPLING POINTS 
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7,;9 
1003 
1902 

0.197 

504 

29.10 

2 3 
7122 l/24 

906 900 
1755 1754 

0.197 0.197 

504 504 

29.38 29.35 

1.23 0.88 1.15 

328.6 271.9 326.1 

110 112 107 

272.1 226.3 267.7 

608.3 455.9 527.5 

26.7 20.0 23.2 

8.95 8.14 7.97 

0.91 0.92 0.92 

13.0 13.0 11.2 

6.0 6.0 8.0 

0.0 0.0 0.0 

81.0 81.0 80.8 

39.0 39.0 60.0 

30.3 

29.2 

0.84 

199 

4 

30.3 

29.3 

0.84 

199 

4 

30.1 

29.1 

0.84 

200 
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SNOX, CONDENSER OUTLET, LOCATION 21, MULTI-METALS 

PST 

PS 

vs 

As 

Qs 

QA 

I 

MF 

CAN 

CAT 

CAN3 

CAT3 

CAW 

RUN NO. 
TEST DATE 
SAMPLING TIME, 24 HOUR CLOCK FROM 

TO 

STATIC PRESSURE OF STACK GAS, 
IN. HG. 

STACK GAS ABS. PRESSURE, IN. HG 

STACK GAS VELOCITY AT STACK 
CONDITIONS, FPM 

STACK AREA, SQ. IN. 

STACK GAS VOLUMETRIC FLOW RATE 
AT NORMAL CONDITIONS, NCFM (DRY) 

STACK GAS VOLUMETRIC FLOW RATE 
AT STACK CONDITIONS, ACFM (WET) 

ISOKINETIC RATE, PERCENT 

PARTICULATE MASS--PROBE, CYCLONE, 
AND FILTER, MG 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT STACK 02, 
GR/ACF (WET) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/NCF (DRY) 

PARTICULATE LOADING--PROBE, 
CYCLONE, AND FILTER AT 3% 02, 

GR/ACF (WET) 

PARTICULATE EMISSIONS--PROBE, 
CYCLONE AND FILTER, LB/HR 

1 2 3 
7/19 7/22 7/24 

1003 906 900 
1902 1755 1754 

0.06 0.06 0.06 

29.16 29.44 29.41 

3878 ,3187 3651 

4032. 4032. 4032. 

71918 60259 68934 

108596 89225 102224 

99.3 98.6 101.9 

385.1 174.8 303.5 

0.022.' 0.012 0.017 

0.014 0.008 0.012 

0.026 0.014 0.024 

0.017 

13.44 

0.010 0.016 

6.14 10.31 

D-243 
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SNOX, CONDENSER OUTLET, LOCATION 21, MULTI-METALS 

RKJN NO. 1 2 3 
TEST DATE 7/19 7/22 7/24 

VOLUME OF GAS SAMPLED, NCF (DRY) 272.1 226.3 267.7 

MOISTURE FRACTION VOLUME, PERCENT 9.0 8.1 8.0 

AVERAGE STACK TEMPERATUFlE, F 199 199 200 

STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 71918 60159 68934 

STACK VOLUMETRIC FLOW RATE, ACFM (WET) 108596 89225 102224 

ISOKINETIC RATE, PERCENT 99.3 98.6 101.9 

EXCESS AIR, PERCENT 39.0 39.0 60.0 

PARTICULATE MASS - PROBE,cYC,FILTER CATCH, 

MG 385.1 

PARTICULATE LOADING, 
GR/NCF AT STACK 02 (DRY) 0.022 

PARTICULATE LOADING, 
GR/ACF AT STACK 02 (WET) 0.014 

PARTICULATE LOADING, 
GR/NCF AT 3% 02 (DRY) 

PARTICULATE LOADING, 
GR/ACF AT 3% 02 (WET) 0.017 

PARTICULATE EMISSIONS, LB/RR 13.4 

174.8 

0.012 

0.008 

0.014 

0.010 

6.1 

303.5 

0.017 

0.012 

0.024 

0.016 

10.3 
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SNOX, CONDENSER OUTLET, LOCATION 21, MULTI-METALS 

RUN NO. i 
TEST DATE 7/19 

VOLUME OF GAS SAMPLED, NCU 7.70 6.41 

MOISTORE FRACTION VOLUME, PERCEtNT 9.0 8.1 

AVERAGE STACK TEMPERATURE, C 92 92 

STACK VOLUMETRIC FLOW RATE, NCMM 2036 1706 

STACK VOLUMETRIC FLOW RATE, CM?4 3075 2526 

ISOKIh'ETIC RATE, PERCENT 99.3 98.6 

EXCESS AIR,, PERCENT 39.0 39.0 

PARTICULATE MASS - PROBE,CYC,FILTER CATCH, 

MG 385.1 

PARTICULATE LOADING, 
MGjNCM AT STACK 02 (DRY) 49.9 

PARTICULATE LOADING, 
MG/CM AT STACK 02 WET) 33.0 

PARTICULATE LOADING, 
MG/NCM AT 3% 02 (DRY) 59.9 

PARTICULATE LOADING, 
MG/CM AT 3% 02 (WET) 39.7 

PARTICULATE EMISSIONS, KG/RR 6.1 

7,222 

174.8 303.5 

27.2 39.9 

18.4 26.9 

32.7 55.4 

22.1 

2.8 

3 
7124 

7.58 

8.0 

93 

1952 

2894 

101.9 

60.0 

37.4 

4.7 
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APPENDIX E 



The goal for data completeness in this shldy was defmed in the QAPP as at least 85 

percent. the aspect of achieving this gOal is the completeness of sampling activities. Table 

E-l shows the pacent wmpletenus of sampling of flue gas, solid and liquid streams at the 

SNOX process. Footnotes to the table identify the causes of any incomplete sampling 

efforts; any such $eviations from plan are also discussed in Section 3.2.4 of this report. 

TABLE E- 1. COMPLETENES S OF SAMPLE COLLECTION AT SNOX PROCESS 

Type of ka$e 

Flue GPP 
Multi-Mcclls (hfetbod 29) 
Modified Method 5 @f&3d 23) 
I-EST Smqder 
t3thte.m (voc) 
VOST cyc) 
TO-S (Atdehydsr) 
Me&d 26A (Atdolls) 
AFHA 401 64mmch) 
APHA 808 (Cytide) 
Filter Carbon 
Filter Rdionuclids 
Pucicle Sk Distribution 

w- 
Cyclon.zs 

c‘xnplctcncha @cent) 

loo 
100 
loo 
too 
too 
100 
100 
103 
100 
IW 
loo 

100 
100 

Solid Samples 
Boiler Feed Cxl 
Baghouse Ash 
so, calysl waste 

Liquid Samples 
Sulhuic Acid 

IOU 
too 
loo 

100 

E-l 



Accuracy, precision, and completeness for elemental analysis conducted by CTE are 

provided in Table E-2. Accuracy was determined by evaluating the recovery of a known 

amount of a standard solution spiked into a digested sample. Precision was determined by 

evaluating the relative percent difference of duplicate instrument analyses of a single digested r 
sample. A compkteness of 100 percent was achieved for ICP analysis of elements. 

Method detection limits (DL) for elements in gas samples were calculated using the 

following equation: 

DL (ClglNm’) = Insmmenf Derection Limir (CcghnQ x Digested Sample Volume (mL) 
Gp( Sample Volume (Nm’) 

For example, the detection limit for cadmium in the filter from N-19-MUM-724 was 

calculated as follows: 

DL = mm N? x 150 mL r 2 &g* 
ml. 0.4231 g 

This detection limit in pglg units was then converted to units of pg/Nm’ as follows: 

DL = 2 pglg I o’4231 g 
6.776 Nm’ 

= 0.12 &Nm” 

. 
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TABLE E-2. ACCURACY. PRBCISION. AND COMPLETENESS FOR ELEMENT ANALYSIS 

AC4 / 
A-w 
a& How Mm (%b) (%Y’ Mwred (%) VP (5) 

==Y Praision 

Targel Actual How Target Actual cmpk4erlcss 

LIQUID spike Rewvwy 75-12s 

AlumiIlum 84, 95 
Anlimoay 85-105 
.4meaic 85-113 
Borml NA 
Barium 43-101 
Eleryllium 106-110 
cadmium 99-102 
cobdt 95-99 

CklQmium 101-103 

Copper 85ID2 

PObSSiUUl 82-100 
Lad 103-120 

Mmg- 9C-102 
Mcrculy 106 

Molybdmm 98-111 
Sodium 115* 
s&nium 73-114 
Nickel 98-109 
Silicon NA 
Titanium 101-104 
Vanadium 102-106 

SOLID 
Antimony 
AIsulic 
Alumbum 
Barium 
BOt-Oll 
Beryllium 
cadmium 
cobalt 
Chromium 

&Ppr 
Potassium 
Led 
htmgnnw 
Mercury 
Molybdenum 
SdeniU~ 

Spike Recovery 75-12.5 
So-95 
78-105 
NA 
13-131 
NA 
94-102 
W-101 
95-104 
95-103 
84-98 
71-94 
97-111 
91-104 
w112* 
92-103 
79-w 

E-3 

RPD of (20 100 
Duplicate 
Aldysis 

1.4. 18 
1. 14 
O-17 
NAY’ 

2.7, 3.1 
my” 

ND 
ND 
ND 
ND.25 
3.8, 11 
2-14 
ND, 8.2 
o-17 
ND 
10, 16 
4, 13 
ND 
NA 
9.5. 17 
ND 

RFD <20 
6-11 
6-10 
1.9-19 
0.2-l I 
NA 
7.4-8.7 
ND 
lo-30 
1.8-10.3 
2.2-123 
3.2-12 
4. 4 
0.6-7.9 
NA 
ND 
I 

loo 



TABLE E-2. Qnti~~ued) 

A-v Recision 
Target ACtd now Tugu Actual cmglelenesh c 

How Meaalned (%) (%P Mared (%) (%P (5) 

sodium 
Nickel 
SiIiUn 
Titanium 
Vumdium 

GAS 

Atuminum 
Barium 
Beryllium 
Bomo 
cadmium 
chmium 
cobdt 

GPpcr 
Lad 

M=%W- 
Mel-W-y 

Nickel 
Potassium 
Sdaium 
Silicon 
Sodium 
Titanium 
Vanadium 

45-230 3.1-2s 
94-105 9.1-19.9 
NA NA 
25-100 3.1-7.8 
94-100 3.6-g 

Spike Rtcovay” 79125 RSD of c20 
Referexe Stdd 

. SM@’ Analysis 
83.119 l-17 
76.115 I-21 
45-127 1.1-4.6 
87.104 2.4-7.9 
72-108 o-2.2 
NA NA 
76-147 ND 
87-143 2-g 
81-130’~ O-18 
78-114 04.4 
85-109 I-10 
89-136 1.8-3.5 
go-144 O-36 
97-144 ND 
61-122 0.6-32 
26-104 I. S-200 
75-I 17 l-14 
NA NA 
35-93 1.3-10 
29-102 O-2.2 
86-114 ND-2.6 

r 
loo 

(a) Exupt where indid. range rep-~ nnge of results for multiple samples, two numbers sepuz& by L comma 
npre~nLF WI& for hvo nmplas. urd single number rrp~ents rcsvlLI for single ~nmple or determ&&ioo. 

f.b) Excludss outlier of 12 paent -very. 
(c) ffD = hatyte not detected in sample (herefore RPD cauld no, be calculated. 
(d) NA = Data not available or analysis not conducted. 
(e) Recovery from standard reference material. 
(0 Excludes outlier of I2 percent recovery. 
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Accuracy, precision, and completeness results for CVAA analysis of mercury in gas 

impinger samples conduct4 by Battelle are presented in Table E-3. Accuracy was 

determined by evaluating the recovery of mercury spiked into digested sample matrix. 

Pncision was determined by calculating the relative percent difference of duplicate 

instrument analyses of a single sample. Accuracy and precision obtained met the target 

objectives in all cases. A completeness of 100 percent was obtained for all mercury 

analpS. 

TABLE E-3. ACCURACY, PRECISION. AND COMPLETENESS FOR MERCURY ANALYSIS”’ 

Adyte/sulmgate 
impounds 

MeICllIy 

Accuracy FWcision 

How Mcaswtd Tugct ACtUl How Target Actual 
(5) (%P Mcasuled (%) (%I@ COmplCtClW 

Spike Rsovery 75.125 92-108 RPD”’ of <20 O-5 100 
Duplicate 
Analysis 

(a) Rcprwen~ rrsulti from analysis of gau snmples only 

(5) Except where indicated. range repnsmts range of results for multiple samples, two numbers separated by D comma 
represents nsults for hvo samples, and single number reprea.x~Ls cults for single sample or determination. 

(c) RPD = relative precut dwiation. 
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A summary of the accuracy, precision, and completeness obtained for the 

ammonia/cyanide analysis is provided in Table E-4. Accuracy was determined by calculating 

the ncovery of a koown amount of analyte spiked into a sample. Precision was determined 

by duplicate instrument analysis of a single sample. The accuracy and precision obtained 

met the target quality objectives in all cases, except for the precision asscciated with the 

duplicate analysis of a sample containing ammonia at a level less than the detection limit. A 

completeness of 100 perant was achieved for all samples. r 

The method detection limits for ammonia and cyanide in gas samples were calculated 

using the following equation: 

DL (rglNm’) = lnsmunent Detection Limit &hmple) 
Gas Sample Volume ,(Nm’) 

No example calculation is provided since ammonia and cyanide were detected in all 

TABLE E4. ACCURACY, PR!XISION. AND COMPLEIENESS FOR AMMONIA AND CYANIDE 
ANALYSIS 

AMlylc How Masumd Targti ACtlId How Target Actul Analytical 
(‘k) W’ Measured (%) (A)“’ Completeness 

Ammcmia 
cyade 

I_ 
Spike Rec~ay RPD of 

Duplicate 
Analysis 

75-125 loo-104 c20 o-12” loo 
75-125 85-105 c20 2.2 100 

(a) Except where indicated. range represeats range of results for mulliple nmplcs. two numbers seplnkd 
by . carrmy rep-ls ~sults for two sample+ and single number reprcsenu results for single sample 
or detenniuation. 

(a) RPD renrlts of 12 PI 0.078 and 0.088 pgN/mL level (0.094 and 0.106 pg NHJmL). 
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Accuracy, precision, and completeness results for anion analysis are presenti in 

Table E-5. Accuracy was determined by evaluating the recovery of target analytes spiked 

into sample matrix as well as analysis of a standard reference material (SRM). Precision was 

determined by calculating the relative percent difference of duplicate analysis of a single 

sample. Accuracy and precision obtained met the target objectives in all cases. A 

completeness of 100 percent was obtained for all anion analyses. 

Detection limits for anion analyses of gas samples by ion chromatography were 

determined by the observation of a calibration standard which when analysed provided an 

approximate 3: 1 signal-to-noise ratio. 

Species which interfered with the chromatographical analysis of a sample, i.e. a 

species which overloaded the column or eluted near the retention window of interest, were 

corrected for by sample dilution which in turn required a proportional increase in the 

detection limit for the sample. The method detection limit is calculated as follows: 

DL (&Nn?) = Lowst Level Calibration Std (&nL) x 
Sample D&don Factor x 
Enmction Volume (n&.)/Gas Sakple Volme (N&) 

For example, in the analysis of chloride in filter sample N-2I-FCl-722, a large interferring 

peak in the chromatogram required a dilution of 1: 100 to determine the chloride level. The 

detection limit for the sample was then determined as follows: 

O.OlO&nLx IoDx 2OnUl.199 Nm’ = 17&Nm’ 

E-l 



TABLE E-5. ACCURACY. PRECISION, AND COMPL!ZTENESS FOR ANION ANALYSIS 

Amlytdsurmg~ 
Compounds 

Aamcy Rachin 

How Musurcd Target Acd How kga Actual 
(%I (‘k) Melmd (k) m Compktenu: e 

Spike Recovery 

Ch!Qtkk 

FlvDridc 

Chloride 
SRM ANlyaL 

75-125 NA 

75-12s NA 

143-171 ppm 154.154 ppm 

1.55-2.92 ppml.84-1.92 
ppm 

Chloride 

Fhmide 
SUlfHC 
Qh-QJ- 

75-125 98.125 

75-12s 99-108 
75-125 100 
75-12.5 II4 

Chhridc 
Flwride 

Sulf.te 

QhOSQlulc 

143-171 ppm 161.166 ppm 
I.%-2.02 ppml.72.1.96 

m 
70.1-93.9 ppnO.8.88.8 

ppm 
0.5J5.0.779 0.589 QQm 
Ppm 

$olids/Liwids spike Rsovery 

Chlolidc 75-125 95 

Rumi& 
S”lfU 

75-125 106,111 
75-w 86 

pha‘phab 

Chloride 
Fluoride 

Sulfars 

Phosphate 

sm.! hmlyrh 
75-125 78-113 

143-171 ppm 155.175 ppm 
1.55-2.02 ppm1.62-1.77 

QQm 
70.1-93.9 ~pm76.5-84.4 

QQ”’ 
0.5554.779 0.648-0.730 
QQm QQm 

RPD of 100 
DupliGuc 
ArulY~h 

<20 9.4 

-20 0.7.5.7 

r’ 

i 

RQD of 
DUpLiotc 
ANlpi 

<20 1.2.15 

<20 0.1.1.3 
<20 0.9.0.2 
<20 1.1 

RPD of 
D~pliulc 
AMlYSil 

<20 4.6.,4 

<20 105 
<20 0.47. 

3.1.45 
<20 0.0 

100 

100 
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52.5 VW 

E2.5.1 NOSTL A summary of the accuracy, precision, and 

completeness obtained for analysis of VOC in VOST samples is shown in Table E-6. To 

determine accuracy, each sample was spiked with four surrogate compounds prior to 

analysis. Reu~very of the surrogate spike was then considered as the analytical accuracy. 

As shown, the surrogate spike rewvery met the original objectives of 26-160 percent in most 

CSISZS. 

A method detection limit of 25 ng/sample was determined by calculating ten times 

the standard deviation of replicate analyses of a 50 ng standard. Detection limits for 

individual samples were then calculated by dividing 25 ng/sample by the associated gas 

sample volume. 

TABLE E-6. ACCURACY. PRECISION, AND COMPLETENESS FOR VOC VOST ANAL.YSLS 

AMlyte/Spikc 
compoull& 

d,-1 ,2-Dichlomethane 

~-T-Toh!~~ 

A-v 

now hleasud TUr@ ACtUI 
(5) (5) 

sumgatc spike 
RW0Vay 

26-160 42-128 

26-160 63-164. 
SO3U’ 

Rsision 

How Target Actual (%) 
Mared (%) completulcss 

100 

~20 NA 

<20 NA 

h-B- 26-160 77-139 

pPKMIKdlUO~bmzcn~ 26-160 26-112 

(a) Interfemcc in campie my have contributed tohighpercent recovery. 

<20 NA 

<20 NA 

E-9 



E2.5.2. A summary of the precision, accuracy and 

completion obtained for analysis of VGC in canister samples is shown in Table E-7. 

Information on accuracy was obtained from a canister spiked with four target compounds. 

The concentrations of the four components were established by reference to the 41 

component calibration cylinder. This cylinder has been recently audited by US EPA and 

shown +o be within f 10 percent of the stated values for 15 compounds common to both 

mixtures. The contents of the spiked canister were diited through the sampling tram and 

into a second canister. Both canisters were analysed to determined the amount recovered. 

Analytical precision was determined by repeated analyses (3 times) of a 11100 dilution 

mixture from the 41 componmt calibration cylinder. The four components used during the 

field spike experiment are reported. A completeness of 100 percent was achieved for 

canister analysea. 

Detection limits for VGC in canister samples were calculated as follows: 

DL 0 = Concentradon of Stak (ppb) 
Awage of Range of Srd Peak Arear (all) 

x 3 X (Peak Area Noise) 

The calibration cylinder wntained the 41 target wmponmts each at a nominal wncentration 

of 200 ppb. The cylinder was dynamkaby diluted to the 6 ppb level. Using the selective 

ion monitoring mode of the GC/MS, area wunts from 850,000 to 1,700,000 were obtained 

for the target wmpounds. The peak a~ noise was approximately 35,000 area units. No 

changes in electron multiplier gain was made during the study so the above responses hold 

throughout the time period. With these results, the actual detection limit achieved was 

calculated as follows: 

DL @pb) = ((1,7CO,OOO + 85O,OOO)I2, 
x 3 (35,000) = 0.5 ppb 

c 

r 

l 

The detection limit in ppb units was then converted to pg/Nm’ units by multiplying 

by a conversion factor. For example, 1 ppb of uichlorofluoromethane at 0°C and 760 mm is 

eqral to 6.11 PglNm’; therefore the converted detection limit was 3.06 pg/Nm’. 

E-10 



TABLE E-7. ACCURACY, PRECISION. AND COMP LE?ENESS FOR VOC CANISTER ANALYSES 

-v 

Adyldspike How Msuvrsd Tuga ACti 

~mpovnds w wb) 

spike of SamFhp 
Tnin with 
cali* 

Bwuam 256 &.Jm’ 75-125 108 
TOIUWW 23.0 (rg/Nm’ 75-12s 122 
Etbyltmwme 25.6 jqVNn? 75-125 109 
StylUW 19.2 jIglNm’ 75-12s 102 

(a) RSD - rehtive rulldud deviim. 

Precision 

How Target Actual 
Manrred (a) (%6) 

RSD’.’ of 
Rcpliutc 
Analysis of 
Sunbrd 
Cylinder 

c20 *14 
<20 *7 
<20 f8 
C20 f16 

E-11 



c 

Accuracy, precision, and completeness results for PAH/SVOC analysis of gas and 

solid samples are presented in Table E-8. Accuracy was determined by recovery of 

perdeuterated PAH spike compounds added to the samples prior to extraction. In most 

cases, spike recoverit- met the target objective of 50 to 150 percent. Precision was 

determined by evaluating the relative standard deviation of calibration standard analyses. 

The average relative standard deviation (RSD) for three calibration standards, 0.05 ng/pL, 

0.1 ng/pL, and 0.5 ng/rL is presented in Table E-8. As shown, this average RSD is below i 

the target 30 percent in all cases. Individual RSD for these three standards were also below 

the 30 percent target. A completeness of 96 percent (23 samples analyxed124 samples 

received) was achieved due to the loss of the XAD-2 resin from sample N-20-MM5718 

during sample preparation. A completeness of 100 percent was achieved for the solid 

samples. 

The estimated detection limit for PAH is 0.01 ng on column and for SVOC is 

0.05 og on column with a I-CL injection. At these wncenhation levels, the signal-to-noise 

ratio is about 3. The detection limit for PAH/SVOC was calculated using the following 

equation: 

DL = Estimated Detection Limit ConceNration x FiMl Volume of Extract A~lyzed 

Gas Sample Volume x Fraction of Extract AMlyzed 

For example, the detection limit for hexachloroethane in N-IS-MM5X-718 was calculated as 

follows: 

0.05 wW x 2ooO d = 17.2 nglNm3 
5.8014 x 1.0 

E-12 
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TABLE E-S. ACCURACY, PRECISION. AND COMPLFTrNESS FOR PAHISVOC ANALYSIS 
OF GAS AND SOLID SAMPLES 

100 

ACt!lUXy Precision 

AMlyts/sulmgllc How Meacwed TuoeC ACtkId How Tqet Actual 
CcmpuQ (A) (5) Muntml (%) (%I c!omplcteness 

Recovery of 
PCrdcVtauod 
PAH spike 

GAS 96 
d&b’=‘= So-150 55-115 

d,,-Bcam(k)fluoMthae 50-150 43-143 

SOLID 
d&w== 
d,,Beam(k)fluonutbcslc 

GAS/SOLID 
Bauylchloride 
Awopbaione 
HC.XXillOIWlh~ 
Napbtbahe 
Hexachlombuladime 
2-Chlomcuophulone 
I-Metbylnrphtbalene 
2-Metbylnapbthihe 
HCX~hlO?OCyClOpU- 
dicne 
Biphyl 
Acenqhthylme 
2.6-Dinitmtolueae 
Acaphthcne 
Dibenzofuran 
2,4-Dinitn~tolume 
FlUOMe 
HCXX4dOrobwucnC 
Pen~hlorophenol 
PholnOtbXWlC 
Arlthrnccne 
Flll0rPntbUIe 

SO-150 53-56 
50-150 47-56 

RSD of c 30 
Calibration 
SUndUd 
Analysis 

15.9 
15.1 
11.3 
7.5 

11.2 
8.2 
7.4 
5.3 
12.3 

RSD of 
Calibration 
Slnn&d 
Analysis 

6.6 
5.2 
7.9 
6.4 
6.9 
a.8 
6.1 
6.5 
11.2 
11.6 
6.7 

13.2 
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TABLE E-S. P2ootiued) 

A-Y Redsion 

AlulyieJsunv~~ How Measured TCSIgct Acmal HOW Tar@ Achml 
Q-h (%a) (5) Musurcd (Ib) (5) Completeness 

Py- 9.2 
BaK(~~thnc.alc 8.6 
=Y== 6.0 
Kcnm@&k)flwMthea4 8.0 
-4PY- 7.5 
BcluD(~)wrrac 9.2 
Indmo(l.2,3s.d)py~ 10.5 
Dibea&h)anW 11.1 
KeaN.g.h.i)ml~e 6.5 

i 
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E-2.7 Aldehvdes 

Accuracy, precision, and completeness results for analysis of aldehydes in gas 

samples are presented in Table E-9. Acctnacy was determined by recovery of analytes 

spiked into water. As shown, except for a 179 percent recovery of formaldehyde spiked into 

water at or near the method detection limit, all recoveries met the target objective of 50 to 

150 percent. The precision was determined by the relative standard deviation of standard 

analyses and also met the target objectives. Completeness of 100 percent was obtained for 

both gas and liquid samples. 

Method detection limits for’ aldehydes in gas samples were calculated using the 

following equation: 

DL&glNm3) = A, x ud~) x v,,w * mm 
‘%D V -,,AW MWDUp 

where: 

DL = Detection Limit 

% = Minimum detectable peak area of carbonyl 

A,,, = Peak area of carbonyl derivative in standard solution 

Cti = Concentration of carbonyl derivative in standard solution 

“0.w = Average final volume of DNPH-acetonitrile solution 

V l-w = Average volume of air sampled 

Mw,, = Molecular weight of neat carbonyl compound 

MW,, = Molecular weight of carbonyl derivative. 

Actual detection limits were calculated as follows: 

4300 r 2 PdmL. x 31.7 m.L x - 30.03 = 
334293 210 

2.6 
0.0455 Nm3 

pglNm’ 
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TABLE E-9. ACCURACY, PRECISION, AND COMPLETENESS FOR AIDEHYDE ANALYSES 

A-cy pkdrion v 

HQwMaarrtd Target AChlal How Tuget Actual COUQl~tas 
(%P’ (8)” Mwurrd (%) (5) es) 

GAS 

FowlQbyde 

#4cxakhy& 
Acmbin 
Pmpiocdehyde 

Spike Recovery RSD of 100 
SW 
Analysis - 

SO-150 114-122” f 15 0.45 in 

S&l50 85-100 * 15 0.57 
So-150 NA” f 15 0.32 
XL150 81-55 * 15 0.59 

(n) Except whm-e indicated, ranpe repreads MP of results for multiple samples. hvo numbers separated by a comma 
repram* results for two samples. and ainglc number repsent results for single sample. or determination. 

@) Exclvdss 179 percat* reccwry for spike at detection limit of mubod. 

(c) NA = Not utdyral. 
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Accuracy, precision, and completeness results for radionuclide analysis are presented 

in Table E-10. Accuracy was determined by evaluating the recovety of cesium-137 spiked 

into sample matrix. Precision was determined by evaluating results of duplicate sample 

analyses. The precision achieved met the target objective of *3 standard deviations; relative 

percent differences (RPD) are provided in Table E-10 for comparability with other analytical 

data. A completeness of 100 percent was obtained for all radionuclides analyses. 

The method detection limit for tadixtuclides was calculated using the following 

equation: ’ 

4.65 m + 2.71 
MDc = (2.22)(EFF)(AVOL)(~~~~(Ab)(D) 

where: 

MIX 

BKG 

EFP 

AVOL 

Ab 

D 

2.22 

4.65, 2.71 

Minimal detectable concentration 

Background counts 

Counting efficiency 

Aliquot volume (g or L) 

Count time (mitt) 

Abundance of emission 

Decay correction 

Conversion from dpm to pCi 

Constants. 

This equation is derived from the following reference: 

“Lower Limit of Detection: Definition and Elaboration of a Proposed Position for 
Radiological Effluent and Environmental Measurements”, L. A. Curtie. 
NUREGICR-4007, U.S. Nuclear Regulatory Commission, September 1984. 
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TABLE E-10. ACCURACY, PRECISION. AND COMPLETENESS FOR RADIONUCLWE ANALYSIS 

A-Y l+&sion I 

Ana@- How Maarrad Tqet AChJd HOW Tuget Actual (%) 
CompouDds (%6) (%I hfd (n) C4lmp1- 

C&137 
Pb-210 
Pb-212 
RKn.6 
Ra-228 
Tb-234 
U-234 
U-235 

Spike Recovery RPD of too 
Duplicate 
Analysis” 

NA lw-109 r 
5 i 

14 
1 

20 
10 
49 
33 

(a) Precision not provided for ndimuclidcs not dctsted in both sample md duplicate. 

(b) All duplicate results qreed to with zt3 standard deviations target objective; RPD provided 
for compnbility with other analytical data. 

NA - Not available. 
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. . 
E-3. MW 

Approximate emission detection limits obtained for gas samples in which analytes were not 

detected are listed in Table E-l 1. 

ThBLE E-l 1. EMISSION DETECTION LIMITS 

Actual Emission DeJection Limit Tugu Emissiion Detection Limit 
(&Nm’)” O1OJm’) 

Elsnoll 
MO 
B 
Sb 
As 
Ba 
Be 
cd 
Cr 
Pb 
Mu 

H8 
Ni 
se 
V 
cu 
co 
Ammonia 
cyanide 
AldOltS 
F- 
Cl- 
PO.’ 
so.- 
PAIWSVOC 
Aldehydes 
voc - canister 
voc - VOSF 

NC 1.5 
NC 1.2 
1.0 0.3 
NC 0.06 
NC 0.3 
NC 0.3 
0.2 0.3 
NC 1.2 
NC 0.06 
NC 0.3 
NC 0.03 
NC 1.2 
NC 0.12 
NC 0.6 
NC 0.6 
0.3 0.9 
NC 750 
NC 191 

NC 3 
IS 3 
6 30 

NC 7.5 
0.4-20 0.1-10 ngiNm*’ 

2 2 
4 6 
6 1.3-7s 

(a) hppmximatc emission detection limit obtained in sample analyacs. Valuea for PhHlSVOC LR in ngi?k?. 
@) Calculated target emission detection limit will range from 0.1 to 10 ngMm’ -ding upon SVOC compound 

aad mntrix. 

NC = Not dculntd beeuse malyte concentrnlion was above muhod detstioo limit in samples. 
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APPENDIX F 

ROTOCOL, 



Elements in flue gas, solid, and liquid samples were analyxed by various methods 

(RIP, GFAA, PIXE, CVAA) according to the procedures described in the .QAPP. Specific 

deviations from those procedures were as follows: 

(1) Samples sent to CTE for analysis instead of Rattelle. In order to meet the reporting 

deadline, it was, necessary to send process solid, process liquid, PSDS filter, and gas 

samples (excluding impinger samples for mercury analysis) to Commercial Testing 

and EngLmering Company (CTE) in Denver, Colorado for analysis. CTE followed 

the Quality Assurance Plan for element determinations with the following exceptions: 

l Tbe analyses of solid samples by CTE for mercury were accomplished by a 

double gold film amalgamation. No spike samples were performed due to the 

use of a solid sample matrix. However, recoveries for solid reference materials 

were within the limits established for this program. 

l Silicon, aluminum, titanium, potassium, and sodium, in solid samples (boiler 

feed coal, SG, catalyst waste, and baghouse ash) were determined by X-my 

fluorescence spectroscopy, in accordance with ASTM 04326, instead of ICP. 

(2) The HtOl reagent blank was lost during sample preparation. Train blanks are not 

corrected for this reagent blank. Samples results, by process of subtracting tram 

blank results, are corrected for contributions from this reagent. 

(3) Filter reagent blanks analyxed for elements had unexplained outlying results in 

several cases. Duplicate Pallflex 102 mm filter reagent blanks were analyxed. 

Results for one of these reagent blanks were as expected with element concentrations 

equivalent or significantly below sample results. The second Pallflex 102 mm filter 

reagent blank had extremely high concentrations of aluminum, potassium, and 

sodium which were considered outliers and not considered in blank corrections. 
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(4) 

(5) 

c 

Likewise in tbe analysis of triplicate Pallflex 86 mm filter reagent blanks, outlying 

results were obtained for aluminum and sodium in one blank and for potassium in a 

second blank. Again, these outlying results were not included in reagent blank 

W~OllS. 

Problems with Si and B de@minations of Method 29 samples by CT!% Boric acid 

was used to complex excess hydrofluotic acid after microwave digestion by CITE. 

Hydrofluoric acid may also react with glassware or the glass mixing chamber of the 

ICP analyser, and may interfere with silicon results. Thus Cl’E has not reported Si 

and B results for some samples. 

Tbe Method 29 filter was analyxed separately from the wmbined acetone/acid probe 

rinses for ICP and GFAA analyses. This deviation was required to allow evaluation 

of the particle sire distribution of elements in the flue gas emissions. 

Samples were analysed for ammonia and cyanide according to the procedures stated 

in the QAPP. 

I for Aniow 

bv Ion Chr- 

Anions of interest are separated and measured using a Dionex DX300 ion 

chromatography system comprised of a guard column, separator column, MicroMembrane 

suppressor, and conductivity detector. The separator column selectively separates ions based 

upon their afftity for an ion-exchange resin. The suppressor converts the eluted ions to 

acids which are then measured by a conductivity meter. Identification of the ions is made by 

their retention time on the column. Quantification is done by comparing peak height or area 

responses to those of calibration standards. 

c 
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(1) The analysis of EPA Performance Evaluation Samples fWPO29) was used instead of 

EPA ‘Audit Samples” designated in Section 7.7.1 of Method 26A. 

There is no effect on results because of this deviation from Method 26A. The 

acceptable range for either must be analytically achieved to assure method accuracy. 

The target values are documented by the EPA and the analysis results are recorded 

in the project laboratory record book. 

(2) Calibration standards were prepared in deionixed water instead of 0.1 N H,SO, as 

stated in Section 5.2 of Method 26A. 

As the majority of the analyses required dilution in deionixed water to conform to 

the analytical range of the detector, deionizd water was the appropriate solvent for 

the calibration standards. There should be no adverse effect on results from this 

alteration. 

. . 
F-3.3 P 

(1) The instrument calibration is veritied approximately each hour of operation with the 

analysis of an Instrument Calibration Verifier (ICV) which has a toletance of 20 

percent from the known value. Section 9.4 of Method 300.0 states that the tolerance 

should be 10 percent. Although 10 percent is achievable precision (see RPD’s of 

duplicates), ICY’s require 20 percent because they are anafyxed around the clock 

where temperature changes contribute to a small amount of instrumental drift above 

10 percent. 

F-3.4 Detiatipns from the 

(1) The Custody During Lab Analysis (5.1.3.3) section states that quality control 

samples will be documented in a bound lab record book and assigned an LRB 

number. The ion chromatography lab uses a sample log for all incoming samples 
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Q) 

(3) 

from which a unique +-digit number is assigned. Copies of logged samples will be 

entered into a bound L.RR. The chain-of-custody-form copies will serve as a record 

of the personnel involved and the times involved in sample-handling transactions. I 

Data Quality Objectives (Table 5-4) should state that a standard reference material 

(EPA WPCt29) will be used as an accuracy determiner when the matrix spike is not 

applicable, i.e., the spiked sample is unmeasurable because of column and/or 

detector overload or because of matrix dilution necessary for linear range detection, 

The target’ values for the WP029 samples were achieved with each calibtated sample 

run except one. The result of WP29 chloride for Niles, Run #3, Solids, was 176 

ppm. The acceptable range is 143-171 ppm. The oversight was discovered too late 

to be corrected. Considering the fact that all of the other QC analyses for this 

sample run and specifically those surrounding this analysis were within the control 

limits, the run was not invalidated. 

r 

for VOC 

F-4.1 VOSTSamPlPd 

Analysis of VOST sorbent traps for VOC was conducted as described in the QAPP, 

according to the provisions of SW-g46 Method 5041, using thermal desorption GC/MS. 

Each sampled pair of VOST traps was placed in a heated desorption unit and purged with 

organic-free nitrogen or helium. The purge gas flow transferred VOC desorbed from the 

VOST traps to a cold trap for focussing. Heating of the cold trap released collected VOC in 

a small volume onto the inlet of the GC column. The VOC were then determined by 

temperature programmed chromatography with detection by low resolution mass 

spcctrometry. Internal standards were used to quantify the VOC. The one deviation from 

plan was that hexane was not determined in VOST samples. 

i. 
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F-4.2 CPnister 

Canister samples were analyxcd with a gas chromatograph equipped with a mass 

spectrometric detector. Upon receipt, the initial pressure of each can was recorded and the 

can was tilled with xcro air to facilitate sample extraction. The initial and final pressures 

were used to determine the dilution correction factor. Since acidic gases have been shown to 

strip the analytical column of bonded liquid phase within a short time period sampled air 

from the canister was ftrst directed through a sodium bicarbonate trap to reduce the content 

of acidic gases. The use of alkaline water was originally specified in the Analytical 

Management Plan but was shown prior to the field study to partly remove several of the 

target compounds when challenged with the 41 component calibration mixture. The effluent 

from the sodium bicarbonate trap was then directed to an adsorbent nap (Carbopak BI 

Carbosieve S-III) to preconcentrate the target VOC species. A. six port valve and thermal 

desorption step were used to inject the adsorbed material onto the analytical column. The 

column was temperature programmed from -50 to 200°C to resolve the VOC. Selective ion 

monitoring was used to quantify the target species. However, sufficient acidic gases were 

still present in the injected sample that prohibited the operation of the mass spectrometer 

until 11 minutes into the run. As a result, the first six species on the 41 component target 

list were not analyxed. A method detection level of 0.5 ppb was achieved with a sample 

volume of 60 cm’. 

Volatile organic compounds (VOC) in liquid samples were analyxed by Zande 

Environmental Laboratories using purge and trap gas chromatography/mass spectrometry. 

EPA SW846 Method 8240 was followed for the analysis of these samples. All samples were 

initially analysed within 14 days of receipt at the laboratory. 

Calibration curves were generated and the appropriate Calibration Check Compounds 

(CCC) and System Performance Compounds (SPCC) were within the limits stated in Method 

8240. The system was initially tuned with 4-bromofluorobenxene prior to analysis of the 

initial calibration curve. An attempt to tune the system every 12 hours of operation was 
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made, but the 12 hour window was exceed@.: by 10 minutes in one instance and 20 minutes 

in another. A couple of tunes also failed to meet the abundance ratio criteria found in 

Method 8240. Continuing calibration standards were analyxed every twelve hours and in all 

instances but two met the wntinuing calibration criteria required by Method 8240. There 

were no target analytes present in any of the samples. 

L 
F-5.1 Gas 

The MM5 samples were prepared according to the Niles Analytical Plan. The MM5 

filter and probe rinse filter were spiked with known amounts of d&trysene and d,,- 

benzo(k)fluoranthene before Soxhlet exttaction. The filters were then extracted with 

dichloromethane @CM) for 18 hours. Note that in the QAPP the extraction time is 

indicated as 16 hours, buf the actual extraction time for all the samples was 18 hours. The 

DCM extract was combined with the filtrate from the probe rinse and wncentrated by 

Kudema-Danish (K-D) evaporation. Note that the wncentrated probe rinse extracts were 

acidic and contained water. Thus 50 mL of DCM and 50 mL of water were added to the 

concentrated probe rinse extract. The water layer was adjusted to pH of 7, and then 

extracted twice with 50 mL of DCM. The DCM extracts were combined, dried with sodium 

sulfate. and wncentmted to 1 mL for combination with the corresponding filter extract. 

Cyclone samples collected at Location 18 were spiked with perdeuterated PAH and exttacted 

with DCM for 18 hours. The DCM extracts were concentrated to 1 mL by K-D evaporation 

for silica gel column chromatography. 

The XAD-2 samples were spiked with perdeuterated PAH and/or “C-labelled 

dioxinlfuran and extracted with DCM. The condensate was adjusted to pH 7 and extracted 

with DCM according to the QAPP. The XAD-2 exhact was combined with the module rinse 

and condensate, and concentrated to 1 mL for silica gel column chromatography. 

Aliquots of the solid process samples were spiked with perdeuterated PAH and 

extracted with DCM for 18 hours. The DCM extracts were concentrated to 1 mL for silica 

gel column chromatography. 

F P. 
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The DCM extract was solvent exchanged into hexane (CJ and applied to a silica gel 

column. The column was packed with 5 percent water deactivated silica gel with C,. Three 

elution solvents, C,, CJDCM (50/50), and methanol were applied to the column. The 

CJDCM fractions were wncentrated to 1 mL with K-D evaporation and further concentrated 

to 100 pL with nitrogen evaporation for GUMS analysis. Some of the C,/DCM fractions of 

KAD-2 extracts were diluted to 1 mL or more to minim& sample matrix effects for GC/MS 

analysis. The methanol fractions were wncentrated to 1 mL, evaporated almost to dryness, 

and solvent exchanged into 1 mL of DCM, however these fractions were not analyxed. The 

only target analyte expected in this fraction is quinoline for which data me not provided. 

A Finn&n TSQ-45 GC/MS/MS operated in GC/MS mode equipped with an INCOS 

2300 data system was employed. Helium was the GC carrier gas and a 70 ev electron beam 

was used. The MS was operated in the selected ion monitoring mode. Ion peaks monitored 

by MS are the molecular ions and characteristic fragment ions of target analytes. 

Identification of the target analytes was based on the wrrect molecular ion, wrrect fragment 

ions, and the correct retention time relative to the internal standard. Quantification of each 

target analyte followed the method described in the QAPP. 

Semivolatile organic compounds (SVOC) in liquid samples were extracted and 

analyxcd by Battelle using liquid/liquid extraction, and analysis by gas chromatography/mass 

spectrometry. EPA SW846 Method 3560 and 8270 was followed for the analysis of these 

samples. All samples were initially extracted within 7 days of receipt at the laboratory and 

the extracts analyxcd within 40 days. 

One liter aliquots of each sample were fortitied with the appropriate surrogate 

compounds to monitor extraction efficiency, serially extracted three times with methylene 

chloride, wnccnttated to 1 mL, fortified with internal standards and analysed on an HP 5970 

MSD. Every sample with the exception of blanks and spiked blanks formed emulsions 

during the base/neutral extraction. Due to the formation of emulsions, during the 

baseIneutral extraction, each 60 mL aliquot of extract was wllected in a centrifuge bottle, 

centrifuged, the organic removed and the remainder added back to the separatory funnel 
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prior to the next addition of solvent. Once the samples were acidified, emulsions did not 

form and the ,samples were pmceased without centritirgation. No problems were encountered 

in the wncentration step. 

Calibration curves were generated and the appropriate Calibration Check Compounds 

(CCC) and System Performance Compounds @PCC) were within the limits stated in Method 

8270. 

The system was initially tuned with decafluorotriphenylphosphiie prior to analysis of 

the initial calibration curve. The system was also tuned every twelve hours of operation and 

met the tequired ion abundances. Continuing calibration standards were analyxed every 

twelve hours and h all instances met the wntinuing calibration criteria required by Method 

8270 for CCCs and SPCCs. Method 8270 allows for 30 percent RSD on CCCs and this 

criteria was usal. The QAPP incorrectly stated 25 percent RSD. 

Gas samples (DNPH impinger solutions) and liquid process samples were analyxed 

for formaldehyde, acetaIdehyde, acrolein, and propionaldehyde using high performance liquid 

chromatography with ultraviolet detection @lTXWJV). Prior to the collection of the gas 

aldehydes, the DNPH reagent for the impinger samples was prepared by mixing 0.06 g of 

purified DNPH crystals per 250 mL of acetonitrile. Fifty (50) pL of sulfuric acid was also 

added to each 250 mL of DNPH reagent. 

After the gas samples had been collected and prior to analysis, the volume of DNPH 

impinger solution wllected from each impinger was measured with a graduated cylinder. 

Next, a 4-mL aliquot from each sample was transferred to a 4-mL HPLC sample vial with a 

septa-seal top. The HPLC vials were used as the permanent storage vessel for the impinger 

samples. These HPLC vials were retiigemted before and after analysis. 

For liquid samples (both process liquid samples and condensed water samples from 

the gas sampling trains), all samples were reacted with DNPH just prior to analysis. An 

aliquot of 2 mL of each liquid sample and 2 mL of DNPH reagent were mixed in a 4-mL 

HPLC sample vial with scpta-seal top. The HPLC vials were used as the permanent storage 

vessel for the liquid samples. The liquid-DNPH solutions were allowed to react for at least 3 

L 

!r . 
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hours prior to analysis. This reaction time is necessary to assute that all of the aldehyde 

species present in the liquid will be wnverted to carbonyl-DNPH derivatives. After the 

waiting period, the samples were analysed. For the liquid samples, standards were prepared 

by adding the neat aldehydes to HPLC water at wncentrations above and below those found 

in the actual samples. The standard water samples were reacted with the DNPH in the same 

manner as the actual samples. 

For the process liquid samples, additional sample preparation steps bad to be 

implemented because of the potential for suspended solids in the samples. Prior to reaction 

with the DNPH solution, the process liquid samples were filtered through a 0.22 Cm filter. 

After the liquid samples were reacted with the DNPH, a white precipitate settled out 

in a few of the samples. To protect the HPLC system, the liquid above the precipitate was 

decanted off and placed into a new HPLC vial. It was this liquid that was analysed on the 

samples in which precipitation occurred. 

AU of the samples were analysed with a Waters HPLC system. An acetonitrileJH,O 

mixture (65/35) serves as the mobile phase. Column flow is 0.8 mUmin. Typically, the 

injection volume used for aldehyde samples was 30 CL. 

Radiological analysis of both the gas (filter) samples and the solid samples was 

performed by the International Technology (IT) Corporation’s Gak Ridge, Tennessee 

laboratory using a gamma scan method. The samples were prepared for gamma 

spectrometry using that laboratory’s standard operating procedure OR-7003, Revision 0. 

Then the radioactivity counts were obtained using IT-Gak Ridge standard operating procedure 

OR-7212, Revision 0. 

During the analysis procedures the following reports were prepared: 

(1) Gamma Spectroscopic Analysis Parameters 

(2) Summary of Positively Identified Nuclides 

(3) Summary of Unidentified Nuclides 

(4) Peak Search Report (Gross) 

(5) Peak Search Report (Net) 
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(6) Summary of Nuclide Activity 

0 Nuclide Line Activity Report 

(8) Full Combined Activity - MDA Report 

(9) Unidentifti Energy Lines Report 

(10) Total Uranium Analysis Parameters and Summery 

(11) Full Combined Uranium Activity - MDA Report 

For each sample, the analysis results were summarked by reporting the activity in 

piw Curies per gram for the following isotopes as was called for in the QAPl? 

l’b-210 Pb-211 

Pb-212 m-229 

Ra-226 T-h-2347 

Ra-228 U-234 

Th-234 U-235 

L 
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APPENDIX G 



An error analysis was conducted to provide an estimate of the uncertainty of the 

reported values for average emission factors. Emission factors on three days are reported in 

Section 6 along with the arithmetic average, E. Daily emission factors were calculated by: 

4 = 
2.205*gr(s+v) 

Wxv.dl 
(G-1) 

where 

4 = daily emission factor, lb/lO’Bhl 

g = daily flue gas flow rate, Nm’lhr 

s = daily solid phase wncenttation of substance in flue gas, PglNm) 

v = daily vapor phase wncentrauon of substance in flue gas, pg/Nm’ 

HHV = daily higher heating value of feed coal, Btu/lb 

cf = coal feed rate, klb/hr 

A goal of the project was to determine a representative value for E, the average 

emission factor for a substance from the power plant. The reported value of E is an average 

from only three days of sampling. Daily variation in operation of the power plant 

contributes to uncertainty in the estimation of the long term average emission rates of 

substances. 

Two types of errors must be wnsideted (ANSIIASMB PTC 19.1-1985, 

“Measurement Uncertainty”, available from the American Society of Mechanical Engineers): 

random errors (or precision errors) and bias. 

G-l 



l 

Three factors wnhibute to precision errors or variability in the reported daily 

emission factors. First, plant operating conditions change from day to day. Second, 

variabiity in wllecting samples leads to errors in determining the five parameters in equation 

G-l that are used to calculate the estimate of 4. Third, variability in analysing the wllected 

samples for s, v, and ICHV leads to errors in estimating 6. 

Bii in demminhg 5 can result from systematic errors in demrmining any of the 

five parameters in equation G-l. Bii errors are assumed to be wnstant throughout the 

measurement process. They can be significant, known and accounted for in calibrations; . 

insignificant, hnown, and ignored in the uncertainty analysis; or estimated and included in 

the uncertainty analysis. The bias, when included in an uncertainty analysis, is estimated as 

a upper limit of the bii error. 

The error analysts for this project was designed to provide uncetiainty intervals 

around the reported average emission factors of the form 

Emixion $uiar (UJ/~O’~ Bat) - E t (U’ l B’)@ G-2) 

where 

E = arithmetic average of the daily emission factors E, 

U= an approximate 95% confidence bound accounting for random errors 

B = .possible bias due to systematic errors. 

For cases in which the average emission factor is based upon three non-detected 

values, the uncertainty was taken to equal the reported “less than” value for the average 

emission factor. Otherwise, the estimates of precision and bias errors were made as follows. 
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The 95% confidence bounds were calculated by 

t = 4.303, the upper 97.5 percentile of Student’s t distribution with two 
degrees of freedom 

S = standard deviation of the three daily emission factors. 

Thus, 

U = 2.48%. 

The resulting confidence level is approximately 95 percent.. This assumes that the 

distribution of daily emission factors for each substance approximates a normal distribution. 

Battelle evaluated whether or not to use propagation of error methods, such as those 

described in the ANWASME document cited above, to determine the statistical uncertainty 

of the average emission factors. Propagation methods are often used to establish the 

uncertainty of a function of several measured input parameters. Battelle believes that the 

approach described above is preferred over propagation of error methods because the 

objective of this error analysis is to estimate the uncertainty of the average of independent 

determinations of daily emission factors. Computing the standard deviation of the E, 

accounts for the three sources of variability cited above: day-today variations in plant 

operations, sampling error, and measurement error. The propagation of errors method is an 

approximate solution that will produce similar results, provided that the correlations among 

the input parameters are taken into account. For example, one would expect a high degree 

of correlation behveen the measured solid and vapor phase concentrations on each day and 

between the daily coal feed rates and flue gas flow rates. 
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The potential bias on E due to systematic errors in any of the five measured 

parameters in equation G-l was calculated by 

c 

B = (-,?” G-3) 

where B, = dUdp,*D, is the resulting bias in E caused by a systematic error of Bi in 

measuring parameter pj (j=l-5 for g, s, v, HHV, and cf). These errors could not be 

specifically identified or confinned; thus no correction was applied to the measured 

parameters. Battelle’s estimates of the values of 5, are described below. 

m flow rate. Determination of the flue gas flow rate, g, was assigned an 

upper limit of twelve percent for bias error. The bias for the gas flow measurement was 

estimated by comparing measured gas flows rates to flow rates calculated from the coal feed 

rate and the oxygen content at the various sampling points. The measured flow rate used to 

calculate emissions factors was takea to be the measured flow rate of flue gas at Location 18 

wrrected for additional flow from the two support burners ahead of Location 21 (see Section 

6 for an explanation of this procedure). The avetage difference between the “measured” and 

calculated flue gas flow rates was eight percent. This value was assigned to the parameter 

5 I’ 

Solid. Solid phase concentrations, s, were calculated by 

dividing the quantity of a substance determined in the laboratory analysis of a sample by the 

flue gas volume associated with that sample. The amount of sample collected from the flue 

gas stream approximates the actual wncentration. Potential bias in the quantity of collected 

material is summatixed in Table G-l. 

Sources of analytical bias (&&y&&trance for m . Taylor, 

John Keenan; Lewis Publishers, Inc., Chelsea, Michigan, 1987) are listed in Table G-2 along 
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with the estimate of the magnitude of the bii associated with each source. The estimates 

shown in Table G-2 were derived as follows: 

Inefficiency Lmses - Results for organic analysts are wrrected for extraction 

recoveries. A bias of 2 percent is estimated for inorganic analyses based on matrix 

spike and SRM recovery re.su1t.s. 

Calibration - For most o,rganic and inorganic analytes, routine calibration results 

were t&red to be within ~25 percent of initial calibration. Rattelle’s estimate of 

the bibs in calibration is 5 percent. 

Intcrferencc Resolution - The estimate of bii is xero because interferences are 

typically wrrected for in organic and inorganic analyses or data are flagged as being 

affected by intcrfem~ce. 

Contamination Gains - Data an corrected for contamination gains derived from field 

sampling, sample handling, and sample shipping by subtracting tram blank results 

from sample data; therefore, the bii estimate is zero. 

Instrumental Shifts - Instrumental shifts are considered to be corrected for by 

calibration bias: therefore the estimate is xero. 

Matrix Effects - Matrix effects are evaluated by use of matrix spike samples. The 

estimate is zero because no consistent bii was detected in analysis of either 

inorganic or organic matrix spike samples. 

Tl~eoretical - Rattelle’s extensive experience with the inorganic and organic analyses 

conducted on this program has not detected any consistent bii based on theoretical 

effects; therefore the estimate is zero. 
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Gpemtor Bias - Many of the analyses were conducted by different operators and no 

wnsistent bii was detected; therefore the estimate is zero. 

Tolerance Adjustments - Based on Battelle’s laboratory analysis experience, 
consistent bias with toletnnce adjustments is nonexistent; therefore the estimate is 

Zuo. 

Uncorrected Blank - Most sample results are corrected for laboratory method blanks I 
and reagent blanks (whete applicable) or blank results are negligible. Therefore the 

estimated bii from uncorrected blanks is xero. 

Based upon these estimates, a bias error of tive percent for organic solid phase 

determinations was estimated. Seven percent was estimated for inorganic solid phase 

determinations. 

Considering both sampling and analysis together, the estimates of 13, for solid 

substances wem computed as the square root of the sum of the squares of the individual bias 

estimates (see Table G-4). 

m. Vapor phase concentrations, v, were. calculated by 

dividing the quantity of a substance determined in the laboratory analysis of a sample by the 

flue gas volume associated with that sample. The amount of sample collected from the flue 

gas stream approximates the actual wncentration. Potential bias in the quantity of wllected 

material is summarixcd in Table G-3. 

Sources of analytical bias and associated bias estimates for vapor phase samples are 

the same are those listed in Table G-2 for solid phase samples except for the bias associated 

with the inefticiency losses for inorganic analyses. This bias is estimated to be 1 percent 

rather than 2 percent because the difficulty with preparing liquid phase samples for inorganic 

analysis is typicelly less than that for solid phase samples. 

Combining the errors for sampling and analysis, Battelle estimated the II; for vapor 

substances as shown in Table G-5. 
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m. The bias for the coal heating value determination 

) 
was estimated at 2 percent. This estimate is based on the fact that the coal heating value is 

determined by a well-proven ASTM procedure by laboratories doing many samples daily. 

Additionally, utilities keep careful watch over their boiler efficiency and heat rate values. As 

the heating value is a major input to boiler efficiency and heat rate calculations, a bias as 

large as 2 percent would be obvious. Hence, a 2 percent bias estimate was assigned to the 

heating value determinations. 

m. The bias for the coal feed rate measurement for the Niles Station 

Boiler No. 2 was estimated at 2 percent. In general, keep careful watch over their fuel 

consumption and boiler efficiency. (The cost of fuel is typically 40 to 50 percent of the cost 

of generating electricity and, thus, is of major importance) A bias as large as 2 percent in 

the fuel feed rate would be very obvious to the plant ogcmtors and action would be taken to 

correct any problem. Review of operations at Niles Station led to assignment of two percent 

for the parameter 5s. 

w. The. estimated upper limits for bias tenos Bj are listed in Table G-6. 

J3ecause of the uncertainty in estimating values for the Sj themselves, a decision was made to 

combine the values for 13s and 5s into one term. Therefore the values of b were assign4 

as follows: elements - 7 percent, anions - 7 percent, radionuclides -9 percent, particulate 

matter - 8 percent, SVOC - 7 percent, ammonia/cyanide - 6 percent, VOC 8 percent, and 

aldehydes -6 percent. Together with calculations of precision error, these tesms were used to 

calculate uncertainty intervals for emission factors in Section 6. 
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The following example calculation applies to calculating the uncertainty in the 

average emission factor for mexury. 

Daily emission factors were calculated using JZquation G-1:’ 

c 

4 2305 104.820 l l 362 = = 
12,249 l 25.8 

26.5 lb/lo”Elu 

El;- 2205 106984 l l 21.9 = 

12,218 l 26.5 
160 

‘%= 2.-l&w”,‘, 30.7 = 22, 

The parameters used to calculate q, for July 19, 1993, are found as follows: 

g 104,820 dscmh 

s+v 36.2 pg/Nm3 

HHV 12,249 Btu/lb 

cf 25.8 klb/hr 

Table 3-13b as 
2,099 Nm31min at stack 4 
or 2,099/1.2013 at 3% C$ 

Table 5-8 

Table 5-52 

Table 24 as 91,700 lblhr 
for Boiler 2 
91,700 x 0.281 (Table 2-6) 
for SNOX 

The average value E was calculated as 

i = (26.5 + 16.0 + 22.1) - 21.5 
3 

&/lOU Ba4 

c 
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The standard deviation, S, of the daily emission factors was calculated as 

s - & $ 65, - E,’ 
1-l 

= $26.5 - 21.5y + (16.0 - 21.9 + (22.1 - Zl.Sy] = 527 h/10= &I 

The parameter U was calculated as 

(I = 2.48 . s 

= 2.46 * 527 = 13.1 lb/lO” Ihu 

The bias pammeter B was calculated using Equation G-3. The Bj components were 

calculated as follows: 

4-- I dE B 
d8 

d& Bw - - 
d(s+v) BY, (i = 2, s and j = 3, v were 

COIdliied) 

4-- 3 dE B 
dcf 
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n 

where E, g, (s+v), KEW, and cf are each the average value. 

Now, 

dE 
g= 

2.205 l (s-4 , j-1 

HIiv*d 

dE=2m*k,j~2/3 

d(s+v) HHv*cf 

dE 
dHHV 

I 
-2.205 l 8 l (s+v) 

mm * cf 

,w 

dE 
cf = 

-2.205 l g l (s+v) , js5 

HHV*~ 

From Table G-6, the ,9j are: 

PyJ - 7% of(s+v) 

B, = 2% of HHV 

The term B, was calculated as follows: 

(see text on page G-7) 

!E, 
ds 

:;T5; *, 2;;;4 = 2.02 x IO+ (lbllO’z Bnc)/(Nn?/hr) 
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where (s+v) = average of daily values (Table 5-8) 

= (36.2 + 21.9 + 30.7)/3 = 29.6 pglNm’ 

HI-W = average of coal heating values 

= (12,249 + 12,218 + 12,306)/3 = 12,258 Btu/lb 

cf = average of coal feed rate (Tables 2-4 and 2-6) 

= (25.8 + 26.5 + 26.8) = 26.4 lb/hr 

B, - 2.02 x 1OA l 0.08 l 106.476 - 1.72 Ib/1O’z Btu 

where g = average of daily values 

= (104,820 + 106,984 + 107,625)/3 = 106,476 Nm3/hr 

Then, 

B = (1.72’ + l.sd + (-0.429)’ + (-0.429)*)m 

B - 2.36 W10’2 Bm 

Finally, the total uncertainty was calculated as 

u = (13.1’ l 2.36)W = 13.3 &/lo’* Bbl 
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TABLE G-l. BIAS ESTLMATRS FOR FLUE GAS SAMF’LlNG OF 
SOLID suBmANcEs 

Analyte class 

Estimated 
Bias 

@ercent) Source of Bias; Documentation 

Blements 
Anions 
svoc 
Radionuclides 
Paniculate Matter 

5 Departure from isoldnetic sampling; value 
is based on sampling data that show 
maximum departure of about 5 percent 
from isokinetic conditions. The bii for L 

cdlection of solid phase material was 
assumed to be equal in magnitude to the 
departure from isokinetic conditions. 

Elements 
Anions 
svoc 
Radionuclides 
Farticulate Matter 

2 Flow measurement error; rqdred by 
Method regulations and maimained so by 
gas meter calibrations. Also consistent 
with RTI audits of Battelle’s gas meters. 

Elements 0 Loss of particulate matter in probe; value 
svoc of zero results from recovery of 
Falticulate Matter particulate matter in probe wash. 

Anions 
Radionuclides 

5 Loss of particulate matter in probe; value 
is an estimate based on use of short 
probe, with no probe rinse. Consistent 
with losses of particles observed in long 
probe and flexible line. 
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Table G-2. BIAS ESTIMATES FOR LABORATORY ANALYSIS 

Source of BiaP 

Inefficiency Lasses 

Calibration 

Interference Resolution 

Contamination Gains 

Instrumental Shifts 

Matrix Effects 

Theodcal 

Opator Bias 

Tolerance Adjustments 

Uncorrected Blank 

Riw -0 
OrganiP Inorganic(C) 

0 2 (solid) 
1 (vaport 

5 5 

0 0 

0 0 

0 0 1 

0 0 

0 0 

0 0 

0 0 

0 0 . 

(a) p Taylor, John Kecnsn; 
Lewis Publishers, Inc., Chelsea, Michigan, 1987. 

@) Organic analyses include SVOC, VOC, and aldehydes. 

(c) Inorganic analyses include elements, anions, ammonia/cyanide, and 
mdionuclides. 
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TABLE G-3. BIAS EWIMATES FOR FLUE GAS SAMPLING OF 
VAPOR SUBSTANCE5 

E 

Analyte class 
Bii 

@e-o Source of Bias; Documentation 

Elements 
Ammonia/Cyanide 
Anions 
VOC 
svoc 
AldChydCS 

2 Flow measurement error; required by 
Method regulations and maintained so by 
gas meter calibrations. Also consistent 
with RTl audits of Battclle’s gas meters. 

Elements 2 Completeness of collection in impinger 
Ammonia/Cyanide solutions; based on experience with 
Anions similar systerlls, including DNPH for 
Aldehydu aldehydes. 

VOC 
svoc 

5 Completeness of collection on solid 
sorbems; based on experience with similar 
systems, including XAD for PAWSVOC. 

Elements 
svoc 

0 Loss in probe; value of zero results from 
recovery of probe wash. 

Ammonia/Cyanide 
Anions 
VOC 
Aldehydes 

2 Loss in probe; value is maximum likely 
value given elevated temperature of 
probe, but no probe wash. 

T, 
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TABLB G-4. CALCULATION OF BUS ERROR TERhlS (flJ FOR 
SOLID PHASE SAMPLES 

Sampling Bias@ Analytical Bias”’ JP 
Substance Errors (percent) Errors (percent) @ercent) 

InorganiC 

Elements 5,2 5.2 8 
Anions 5.W 5,2 9 
Radionuclides 5,2,5 5.2 9 
Farticulate Matter 5,2 5.2 8 

Ttz 5,2 5 7 

(a) See text for origin of individual estimates. 

@) Computed as the square root of the sum of the squared error 
estimates for sampling and analysis. 

TABLE G-5. CALCULATION OF BIAS ERROR TERMS (l&J FOR 
VAPOR PHASE SAMPLES 

Substance 
Sampling Bias*) Analytical Biti) b@) 

benxnt~ hercent) hrcent~ 

Eiements 22 195 6 
Anions XL2 195 6 
Ammonia/Cyanide xv 195 6 

Organic 
svoc 2-5 5 7 
VOC 2.5.2 5 8 
Aldehvdcs 2.2.2 5 6 

(a) See text for origin of individual ehnates. 

(b) Computed as the square root of the sum of the squared error 
estimates for ssmpliig and analysis. 
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TABLE G-6. ESTIMATED VALUES FOR BIAS TERMS IN TIE 
UNCERTAINTY ANALYSIS 

Upper Limit Bias Term 
Parameter Substance 8, (percent) 

g 8 

S Elements ‘8 
Anions 9 
Radionuclides 9 
Farticulate Matter 8 
svoc 7 

V Elements 6 
Anions 6 
Ammonia/Cyanide 6 
svoc 7 
VOC 8 
Aldehydes 6 

HHv 2 

cf 2 

c 
_ 

- 

7 
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